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INTRODUCTION 
Effective management of sockeye salmon, Oncorhynchus 
nerka (Walbaum), stocks in the Bristol Bay region of Alaska 
requires detailed knowledge of optimum numbers of salmon 
that should be permitted to escape the fishery to fill spawn­
ing areas and nursery lakes used by individual populations or 
races1 of salmon. 
The carrying capacity of any spatial unit depends upon 
the dynamic interaction existing between the organism and its 
environment. Requisite to any inventory of the carrying 
capacity of spawning grounds then, is an evaluation of the 
physical and biological factors of the environment bearing 
upon the distribution of the fish. At the same time the 
effects of such behavioristic phenomena as territoriality 
and population density must receive consideration. 
Salmon suffer the greatest fresh-water mortality during 
their earliest life stages, from the time of egg deposition 
to fry emergence and migration to nursery areas. The gen­
erally accepted figure for survival of Pacific salmon under 
natural conditions during this period is about ten per cent 
1The terms "race" and "population" are used interchange­
ably in this paper to denote a group of genetically closely 
related individuals. In salmon the race is perpetuated by 
the homing phenomenon, referring to the choice that a fish 
makes between returning to a place formerly occupied instead 
of going to other equally probable places (Gerking, 1959). 
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(weave, 1958; Royce, 1959; Lucas, i960 and MacKinnon, i960). 
Survival figures become more meaningful when related to the 
quality and quantity of available spawning areas and densi­
ties of spawning fish as determined by studies of spawning 
distribution. 
Many investigators (Wickett, 1954; Royce, 1959; Gangmark 
and Bakkala, i960; Cordone and Kelley, 196I) feel that the 
character of the water that flows around the eggs and alevins 
in the spawning gravel is the most important factor in their 
survival. One of the most common hazards to the eggs and 
alevins appears to be the shortage of oxygen caused by in­
adequate flow through the gravel. Optimum use of spawning 
stocks may be approached most easily through improvement of 
natural survival by manipulation of spawning escapement if 
initial conditions and their effects on survival are known 
(Neave, 1958; Royce, 1959). 
Finally, a study of factors affecting spawning distri­
bution and redd site selection furnishes information useful 
in the development of artificial propagation facilities to 
augment natural spawning or to replace spawning grounds lost 
through hydroelectric development or other changes in water 
and gravel quality and quantity by human activity or natural 
causes. The recent development and success of artificial 
spawning channels provides a promising alternative to 
hatchery propagation in some instances (Lucas, i960; MacKinnon, 
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I960; Woodland, 19o2). To date only one major study of 
artificial spawning areas designed primarily for sockeye 
salmon has been undertaken (Int. Pac. Salmon Fish. Comm., 
Annual Rept. for 1956, p. 24). 
In 1959 biologists at the Bureau of Commercial Fisheries 
laboratory, Brooks Lake, Alaska, initiated an overall study 
of the distribution of sockeye salmon spawning populations 
in the Brooks Lake-Brooks River system as part of their 
salmon survival investigations program. The study forms an 
integral portion of research concerning the effects of spawn­
ing density, winter conditions, stream ecology, prédation 
and physical characteristics of the spawning gravels upon 
the survival and fresh-water life history of sockeye salmon. 
The portion of the study presented here covers the re­
sults of a three-year investigation (1959-1961) of the 
ecological distribution of spawning sockeye salmon in the 
three major lateral streams used by spawning fish at Brooks 
Lake, Alaska (Hidden, Up-A-Tree and One Shot creeks, see 
Figure 1). This investigation represents a pilot project 
designed, (1) to outline the general distribution patterns 
of spawning sockeye salmon in the lateral system of Brooks 
Lake, (2) to suggest possible factors influencing distribu­
tion and (3) to Indicate avenues of approach for determining 
the optimum carrying capacities conducive to highest fry 
survival. The results presented here are intended to provide 
Figure 1. Outline map of Brooks Lake, Alaska, showing important 
features mentioned in the text and relative location in 
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guidelines for future research and, consequently, may raise 
more questions than are answered. 
7 
GENERAL ECOLOGY 
Geomorphology 
Brooks Lake is situated near the western boundary of 
Katmai National Monument. Katmai Monument lies at the base 
of the Alaska Peninsula (see index map, Figure 1) roughly 
between latitude 58°001 N. and 59°001 N. The Monument is 
bounded on the west approximately by longitude 156°00' W. 
and on the east by the Schelikof Strait which separates the 
mainland from the Kodiak Island group. Katmai Monument 
covers about 5,215 square miles. 
The volcanic Aleutian Range divides the Katmai area 
asymmetrically. The mountains rise steeply from the fiord­
like bays of the Schelikof Strait coastline to altitudes 
greater than 7,000 feet and parallel the northeasterly trend 
of the peninsula across the entire area. From the crest of 
the mountain range the slopes are less abrupt westward and 
northwestward, passing into a low coastal plain extending to 
the shores of Bristol Bay, on the Bering Sea. Numerous long 
spurs and outpost mountains break the more gradual descent 
of the western slope. Three of these outpost mountains 
roughly parallel the long axis of Brooks Lake. Mount 
Dumpling (2,440 feet) and another, locally known as Eicher 
Peak (2,024 feet), lie to the northwest while the third, 
Kelez Peak (3,250 feet), rises beyond the southeast shore. 
8 
The western portion of Brooks Lake lies within the upper 
limit of the coastal plain which stretches away to the mud 
flats of Bristol Bay. Much of the hilly country south of 
Brooks Lake has the tundra-bog characteristics of the coastal 
plain without sharing its monotony. 
The three mountains surrounding Brooks Lake are composed 
of silicic and mafic intrusive rocks of the Lower and Middle 
Jurassic. In addition, Mount Dumpling is capped by rock of 
volcanic origin laid down in the Eocene and composed chiefly 
of andesite and basalt with local interfingers of continental 
sedimentary rocks (Keller and Reiser, 1959). 
Although intrusive rocks are represented by extensive 
outcroppings along the northwestern shore of Brooks Lake, 
the majority of the area about the shoreline is composed of 
unconsolidated glacial material. The drainages of Hidden, 
Up-A-Tree and One Shot creeks lie almost entirely within these 
glacial deposits. In the area of Brooks and upper Naknek 
lakes terminal moraines of at least two separate glaciations 
are clearly preserved. The older of the two, the Brooks Lake 
glaciation, is superimposed on what may be a partly obscured 
ground moraine of an -earlier advance. The last advance did 
not reach Brooks Lake but formed, instead, the terminal 
moraine now almost separating Iliuk Arm from the remainder 
of Naknek Lake. The southwestern arm of this moraine and a 
portion of the water gap now joining Iliuk Arm to Naknek 
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Lake may be located in Figure 1. 
The Brooks Lake advance is represented by a series of 
arcuate, generally undissected lateral and terminal moraines 
enclosing Brooks Lake as well as several lakes to the north. 
Areas enclosed by the lateral and terminal moraines are 
characterized by knob-and-kettle topography. Streams have 
breached the terminal moraine ridges only to a minor extent, 
the major exception being the large terminal stream entering 
Brooks Lake at the southwest end (Headwater Creek). In gen­
eral, the glacial topography in the terminal zones completely 
controls the drainage pattern. 
The morphological features of Brooks Lake as determined 
by surveys made during the 1958 field season are presented 
in Table 1 (Hartman, 1959)» 
' Climate 
Daily observations of general weather conditions have 
been recorded throughout the entire year by permanent person­
nel at the Brooks Lake Laboratory since the summer of 1958. 
Observations include 24-hour maximum and minimum ambient air 
temperatures, precipitation, amount of cloud cover, wind 
direction arid wind velocity. All observations are recorded 
at 8 a.m. each morning. Copies of these data are submitted 
monthly to the U.S. Weather Bureau in Anchorage, Alaska, 
and appear in the Bureau's monthly publication, 
10 
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Table 1. Morphological features of Brooks Lake 
Feature Value 
Maximum length 
Maximum width 
Mean width 
Maximum depth 
Mean depth 
Mean depth - maximum depth 
relationship 
Direction of major axis 
Surface area 
Length of shoreline 
Shore development 
Volume 
Volume development 
Drainage area 
Surface altitude 
Geographic location 
10.7 miles 
4.1 miles 
2=. 7 miles 
258.0 feet 
148.0 feet 
0 .57  
ENE - WSW 
28.9 square miles 
31.5 miles 
1.7 
2,745,579 acre feet 
1.72 
283 square miles 
62 feet above sea level 
°301 N. lat., 155°55' W. long. 
"Climatological Data, Alaska". 
For the past 3 years a complete record of incident solar 
radiation has been obtained using a pyrheliograph. These 
data are on file at the Bureau of Commercial Fisheries' 
biological laboratory at Auke Bay, Alaska. 
Although much less foggy, cloudy and windy than the 
Aleutian Islands, the Katmai region has, nonetheless, a fairly 
rigorous climate. The warmest monthly mean temperatures for 
lowland areas range in the vicinity of 55° F., while the 
winter means fluctuate from 14° to 28° F. Midwinter tempera­
tures do not usually drop below minus 20° F. The large 
bodies of water do not freeze over until November and may 
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remain partially open, or at least unsafe for travel, until 
after the first of the year. Breakup usually occurs in the 
latter part of April or, at the latest, in the first week of 
May. 
A period of fair weather may be expected during late 
April, May and perhaps early June. During my three field 
seasons in the Katmai region (1959, I960 and 1961 ) the summer 
months were rainy and overcast. Sunny, warm weather can be 
expected on a few days - perhaps a dozen or two - at irregu­
lar intervals throughout June, July and August. The majority 
of the days are wholly or partially overcast with the sky 
covered by a dense cloud celling ranging in height from 2 
miles down to 1,000 feet or lower. 
Some precipitation falls on the majority of these over­
cast days. It may be only a "trace", with heavy mist and 
drizzle for an hour or two during the night or a brief, light 
shower during the day. Occasionally a driving rain may con­
tinue for many hours. A period of rainy, cloudy weather 
culminated in a 2.9 inch rainfall in.the late afternoon and 
night of August 24-, 1959. This rain caused waterlevels in 
the major tributaries of Brooks Lake to rise at least 2 feet. 
Most of the summer precipitation, however, occurs as pro­
longed drizzle or showers. 
During rainy periods the temperature generally remains 
around 60° F. with little variation between day and night. 
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On clear days temperatures rise into the 70's or, occasion­
ally, low 801 s during the day, dropping to the 50's at 
night. Light frost may occur at almost any time during the 
summer but the first freeze comes about September 5. 
Wind molds and controls, the alpine vegetation, restrict­
ing woody shrubs such as alder (Alnus sp.) and willow (Sallx 
spp.) to ravines and other depressions or forcing them to 
assume a dwarfed stature and prostrate position. Few, if 
any, actual wind velocity measurements have been recorded, 
but speeds in excess of 100 miles per hour undoubtedly occur 
on the higher slopes and summits of the surrounding moun­
tains. In these areas strong winds sweep away the soil and 
smaller stones leaving the larger particles in a firm, con­
solidated mass. The winds also strip snow from exposed 
ridges during the winter, correspondingly reducing the 
moisture available to plants on such sites. 
The presence and/or extent of permafrost is now well 
documented for the Brooks Lake area. Archeologists from the 
University of Oregon digging along Brooks River in i960 and 
1961 struck frost at various depths during their excava­
tions. Permanently frozen ground, however, does not usually 
occur south of the Alaska Range and it is doubtful if the 
frost encountered during these excavations can be classified 
as permafrost. 
Frost features and patterned ground can be observed on 
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Mount Dumpling. I have Investigated, an area several acres in 
extent on the summit of this mountain, that displayed classic 
high-centered rock polygons. Several slopes in the vicinity 
exhibit the parallel steps characteristic of downslope 
movement due to frost action and numerous small mud flows 
resulting from frost boils may be found. 
Flora 
Katmai National Monument is the meeting ground of two 
life zones. The Arctic zone extends from the mountain peaks 
downward to approximately the 2,000 foot contour. Below the 
Arctic zone lies the Hudsonian zone, which comprises the re­
maining and somewhat larger portion of the Monument. Its 
deeper and richer soils, higher mean annual temperatures, 
absence of snowfields and of occasional summer hailstorms, 
and relative freedom from gales make it better adapted to 
support a great variety of plant and animal life. The Brooks 
Lake lateral stream system falls entirely within the Hud­
sonian zone and a brief description of the general floral 
characteristics of this zone follows. 
Forests of white spruce (Picea glauca) commonly appear 
below the 1,000 foot contour. The spruce forest is extensive 
east and south of Brooks Lake, where individual trees may 
grow to DBH's of 12 inches or more. Scattered, stunted 
specimens exist at higher altitudes. Groves of balsam 
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poplar (Populus tacamahaca) appear along many stream bottoms 
and on low-altitude slopes. Kenai birch (Betula kenaica), 
thickets of green alder (Alnus crispa) and many species of 
willow (Salix) form an association characteristically estab­
lished along many of the lower stream courses. 
Extensive stands of grass are often found mixed with the 
above-named deciduous trees and shrubs or appear as uniform 
stands in old beaver meadows. Among the more important 
grasses and grasslike plants are bluejoint (Calamagrostis 
canadensis), tickle grass (Agrostis scabra), Arctic blue 
grass (Poa arctica), hispid blue grass (P. hispidula) and 
Alaska long-awned sedge (Carex macrochaeta and C. 
microchaeta). 
Common horsetail (Equisetum arvense), common marestail 
(Hippuris vulgaris) and cow parsnip (Heracleum sp.) frequent 
the stream banks in many localities. The reader is referred 
to Cahalane (1959) for a more complete treatment of the 
Monument's flora. 
Fauna 
Mammals 
While not rich in species, the mammalian fauna is more 
varied than in many other northern regions. The most 
characteristic mammals of the Hudsonian zone are the 
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Peninsula brown bear (Ursus gyas), discussed later with re­
gard to its effect upon salmon spawning distribution; wol­
verine (Gulo luscus); river otter (Lutra canadensis); red 
fox (Vulpes fulva); interior Alaska wolf (Canls lupus 
pambasileus); lynx (Lynx canadensis); red squirrel 
(Tamiasciurus hudsonicus kenaiensls); beaver (Castor 
canadensis), the activities of which are also mentioned in 
a later section; varying hare (Lepus amerleanus) and Alaska 
moose (Alces alees glgas). 
The reader desiring a fuller discussion of these and 
other mammals occurring in the Katmai area should consult 
Cahalane (1959). 
Birds 
Cahalane (1959) listed 117 species of birds for Katmai 
National Monument on the basis of collected specimens or 
sight records. Daily records of birds observed in the area 
about Brooks Lake were kept throughout the 1959 and 1961 
field seasons by Dr. Milton B. Trautman, Curator of Verte­
brate Zoology at the Ohio State University Museum. In 1959 
Dr. Trautman prepared a seasonal checklist of 93 species 
identified from June 14 to September 6. This list, accom­
panied by Dr. Trautman's report concerning possible avian 
predators (Table 2) and their effect upon sockeye salmon 
survival, appears in the Brooks Lake Field Report for 1959 
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Table 2. Fish-eating birds observed in the vicinity of 
Brooks Lake, Alaska, by Dr. Milton B. Trautman 
from June 14 to September 6, 1959a 
Scientific name Common name 
Gavia immer Common loon 
Gavia arctica nacifica Arctic loon 
Podicecs erisecena Red-necked grebe 
Podiceris auritus Horned grebe 
Phalacrocorax auritus Double-crested cormorant 
Phalacrocorax urlle Red-faced cormorant 
Mereus merganser Common merganser 
Mereus serrator Red-breasted merganser 
Haliaeetus leucocephalus Bald eagle 
Pandion haliaetus Osprey 
Larus Klaucenscens Glaucous-winged gull 
Larus canus Mew gull 
Larus Philadelphia Bonaparte's gull 
Sterna paradisaea Arctic tern 
Perisoreus canadensis Gray jay 
Pica pica Black-billed magpie 
Corvus corax Common raven 
^Scientific and common names according to the 1957 A.O.U. 
checklist, 5th edition. 
(Hartman, i960). 
Concerning possible avian prédation upon sockeye salmon 
Dr. Trautman stated in summary that : 
It was obvious that during this period [June 
14 to September 6, 19593 prédation by birds upon the 
various species of salmon, chiefly red [sockeye] 
salmon, was very minor, if for no other reason than 
that the numbers of possible avian predators were so 
few. Undoubtedly, some of the following bird species 
such as cormorants or mergansers, might have affected 
the salmon population adversely, if they had occurred 
in larger numbers. 
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.fishes 
To date 24 species of fish have been collected in Brooks 
Lake, Naknek Lake and their tributaries (Table 3). Col­
lection records and specimens are available at the Brooks 
Lake laboratory. Present plans call for the incorporation 
of these data into an annotated checklist of Katmai fishes 
for future publication. Consequently, the present discussion 
will be limited to a few comments concerning the relation­
ship of several of the more abundant forms to sockeye salmon 
biology. 
The Arctic lamprey, a parasitic form, appears to cause 
little or no damage to fish populations in the Brooks Lake 
system. The nonparasitic brook lamprey spawns in the lateral 
streams of Brooks Lake during May and June. Specimens are 
frequently collected at fyke net stations operated during 
fry and smolt migrations. 
To date the humpback whitefish and the least cisco have 
not been collected in Brooks Lake. 
Of the five Pacific salmon present in the system, only 
the sockeye and coho appear in numbers sufficient to warrant 
consideration. Records of sockeye escapements and other 
pertinent data appear in the annual field reports of the 
Brooks Lake station on file at the Bureau's biological lab­
oratory, Auke Bay, Alaska. Sockeye salmon enter the system 
during the latter part of June. The major spawning runs to 
18 
Table 3. Fishes recorded for Katmai National Monument in 
Brooks and Naknek lakes and their tributary 
streams3-
Scientific name Common name 
Lampetra japonica Arctic lamprey 
Lampetra lamottei American brook lamprey 
Coregonus pidschian Humpback whitefish 
Coregonus sardinella Least cisco 
Oncorhvnchus gorbuscha Pink salmon 
Oncorhvnchus keta Chum salmon 
Oncorhvnchus kisutch Coho salmon 
Oncorhvnchus nerka Sockeye salmon 
Oncorhvnchus tshawytscha Chinook salmon 
Prosopium coulter! Pygmy whitefish 
Prosopium cylindraceum Round whitefish 
Salmo gairdneri Rainbow trout 
Salvelinus alpinus Arctic char 
Salvelinus malma * Dolly Varden 
Salvelinus namaycush Lake trout 
Thymallus arcticus Arctic grayling 
Evpomesus olidus Pond smelt 
Dallia pectoralis Alaska blackfish 
Esox luelus Northern pike 
Catostomus catostomus Longnose sucker 
Cottus aleuticus Coastrange sculpin 
Cottus cognatus Slimy sculpin 
Gasterosteus aculeatus Threespine stickleback 
Pungitius pungitius Ninespine stickleback 
aNames according to the American Fisheries Society list 
of common and scientific names, 2nd edition, i960. 
the lateral and terminal streams are largely completed by the 
end of August. In Brooks River spawning activity may extend 
into November. 
Eggs seeded in the gravels develop throughout the winter, 
hatching in March and April. The young alevins absorb their 
bright orange yolk sacs and begin to emerge from the redds 
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in late April and May. They wriggle up through the gravels 
to migrate actively downstream individually during the dark­
est period of the short, subarctic night. Once in the lake, 
the small fry school and begin their lacustrine development. 
The majority of juvenile sockeye salmon remain in the nursery 
lake 1 to 2 years, feeding on plankton and insects. During 
the spring of their year of departure to the ocean they leave 
the lake as silvery smolts 3*5 to 4.5 inches long. Most of 
the smolts move out of the lake in schools of 20 to 100 in 
the darkest hours of the brief late May and June nights. 
We know little of their ocean life. The young salmon may 
wander thousands of miles at sea (U. S. Fish and Wildl. Ser., 
i960) to feed on the rich ocean plankton. The adults return 
2 or 3 years later to the stream of their natality as mature 
fish (20 to 30 inches, total length). Here they spawn and die. 
Moderate numbers of coho adults (200 to 2,000) enter 
Brooks Lake in late August and September. These fish spawn 
in the lateral stream systems during the fall months and 
juvenile cohos may be collected in the lower reaches of these 
streams throughout the summer. 
Dr. Milton Trautman analyzed the contents of 75 stomachs 
collected from young cohos caught in streams during May and 
June, 1959. He found that coho juveniles took great numbers 
of aquatic and land invertebrates, chiefly insects, during 
this period. Only 4 of the 75 stomachs contained recognizable 
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remains of salmonid fry. 
Small rainbow trout and Dolly Varden char (up to about 
10 inches, total length) frequent the larger lateral streams. 
During sockeye salmon fry emergence and migration to the 
lake, these predators, augmented by the larger lake-resident 
rainbows, congregate in the mouth of Hidden Creek at night 
to prey upon the outmigrating salmon fry (Hartman, Strick­
land and Hoopes, 1962). A few stomachs of rainbow trout 
caught by angling later in the summer indicate a shift in 
diet from sockeye fry to forage species such as pygmy white-
fish, sticklebacks and insects. The few stomachs examined 
show that lake trout appear to rely more upon forage fish 
than salmon juveniles. However, no extensive study of 
piscivorous prédation upon juvenile lake residents or migrat­
ing fry has been conducted. 
Arctic grayling, abounding in the reach of low gradient 
above the mouth of Brooks River, feed almost entirely upon 
insects. 
Little is known about the life histories and roles 
played by the pond smelt and the Arctic blackfish in the 
ecology of the Brooks Lake system. These two species are 
certainly worthy of further study. 
Northern pike are primarily restricted in their distri­
bution to beaver ponds in the Brooks Lake drainage. Pike 
have been collected in ponds near the headwaters of both 
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Hidden and West creeks. An experimental giilnet (75 ft.: 
1/2, 3/4, 7/8, 1 and 1-1/8 inch stretch mesh) fished for 24 
hours in Hidden Pond yielded 11 northern pike and no other 
fish. These pike had been feeding exclusively upon the 
large amphipods abounding in the thick submergent vegetation 
covering the pond bottom. 
Coastrange sculpins capture sockeye fry during the out-
migration from Hidden Creek. Sculpins, in turn, are consumed 
by both rainbow trout and Dolly Varden char. Sculpins prob­
ably are not a direct factor in sockeye survival once the 
fry move into the deeper lake waters. 
Sticklebacks and pygmy whitefish are the dominant com­
petitors of juvenile sockeye salmon in Brooks Lake. Otter 
trawls and tow nets used for lake sampling during 1961 
yielded much larger catches of these fishes than were ob­
tained in the 1957-1958 gill netting program (Merrell, 1958 
and Hartman, 1959). However, any variations or trends in 
numbers of these fishes are undoubtedly masked by gear dif­
ferences. The population dynamics and biology of these 
species should be studied to ascertain their effect upon 
sockeye salmon survival and production. 
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METHODS OF PROCEDURE 
Collection of Physical Data 
Our first step in studying the distribution of spawning 
sockeye salmon consisted of obtaining a physical description 
of the areas available to these fish. Particular emphasis 
was placed upon the determination of stream gradient, general 
gravel characteristics and other physical features that might 
influence the distribution of spawning fish. In addition, 
several special study areas were chosen along each stream 
from which comparative information was collected in some de­
tail. The selection and collection of data from these study 
areas will be mentioned later during a discussion of the re­
sults obtained. A presentation of the methods employed in 
the collection and analysis of gravel samples will also be 
deferred until a comparison is made between the study areas 
with regard to differences in gravel composition. 
Gradient surveys 
Surveys were conducted from June 2k  to July 13# 1959, 
to determine the lengths and gradients of Brooks River and 
several Brooks Lake tributaries. Surveys were made of Hidden 
Creek, Up-A-Tree Creek, One Shot Creek and West Creek from 
the mouth upstream to the first barrier that, during past 
spawning surveys, had proven impassable to migrating adult 
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salmon. In all cases these barriers were beaver dams. 
Brooks River was surveyed completely, from the outlet of 
Brooks Lake to Naknek Lake. 
Normally the survey team consisted of four men. One 
man scouted ahead, laying out each shot and station with re­
gard to terrain and obstructions. Another cleared brush 
along the line of sight and the remaining two men operated 
the rod and transit. Gradient was determined by taking a 
series of levels between stations located at convenient 
points along the stream course. All shots were made using a 
Keuffel and Esser Mountain Transit (Number 41969 ) and a 
standard surveying rod.. Water level was used as the datum 
to eliminate errors due to configurations in the stream 
bottom. Stream lengths were measured by chaining down the 
center of the stream bed. At the same time, the average 
width of the stream in that section was determined. 
All survey stations were marked with painted plaques 
(international orange numerals on a white background) nailed 
to nearby trees. References to their locations were inserted 
in the field survey level books for each stream for purposes 
of relocation. Each survey station, and therefore each 
survey section., was numbered consecutively upstream from the 
mouth of the creek. 
Physical surveys 
A physical reconnaissance was made of all stream sections 
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surveyed, for gradient. Dr. Milton Trauman designed and 
supervised all physical surveys and subsequent compilation 
of data. The following information was recorded for each 
gradient section based upon qualitative visual observations 
made during the 1959 field season: 
(1). Stream bottom;. gravel composition and compaction, 
bottom fauna, vegetation and fish distribution. 
(2) Riffles ; type and amount. 
(3) Pools ; type and amount. 
(4) Banks ; height, undercutting and cover available to 
salmon, flood crest. 
(5) Land; upper, middle and lower plant associations, 
soil type, morphometry. 
(6) Beaver; type and degree of activity. 
Collection of Biological Data 
Spawning surveys 
Stream surveys made on the spawning grounds have long 
been used by fishery biologists to determine escapement, re­
cover tags, estimate prédation, obtain sex ratios, estimate 
spawning success and collect racial samples. The accuracy 
of data obtained by this method varies with water conditions, 
physical features of the stream and, possibly most important 
of all, with the experience, ability and/or conscientiousness 
of the observers. 
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At Brooks Lake spawning surveys are always conducted by 
a team of two men, one to carry a rifle and to record data 
and the other to process specimens. Experienced biologists 
always accompany new personnel on their first survey to in­
sure adequate indoctrination in technique and procedure. 
The teams work upstream from the mouth, counting only the 
fish that pass behind them. Polaroid glasses are always 
worn by one or both members of a party to improve visibility. 
Notes on turbidity and water temperatures are taken at the 
beginning of each survey. From 1959 on, all counts and 
other observations were recorded for each gradient section 
as the survey party progressed upstream. Normally, such 
spawning surveys are conducted only two or three times during 
the season. For the last 3 years, however, the frequency was 
increased to insure a more complete record of distribution 
and to provide a better idea of predator activity and spawn­
ing behavior. Depending on the information sought, surveys, 
were made at daily to weekly intervals throughout the spawn­
ing period. Carcasses of spent and/or bear-killed fish were 
marked by fin-clipping to prevent recounts on subsequent 
trips. Studies made in 1957 and 1959 show that almost all 
carcasses disappear in 4 to 7 days. Beginning in 1959, the 
number of redd sites per section of stream was recorded as 
an index of spawning distribution and activity. 
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Escapement records and spawning behavior 
A weir placed in Hidden Creek during all three seasons 
to obtain sex ratios and female lengths for potential egg 
deposition estimates made possible a check of survey counts 
on that stream and provided a record of temporal distribu­
tion. Weirs were installed on Up-A-Tree and One Shot creeks, 
during the 1961 field season. These, too, provided data with 
which to evaluate the accuracy of spawning survey counts as 
well as furnishing a record of the temporal pattern of fish 
ascending these creeks. The weirs on One Shot and Up-A-Tree 
creeks were visited twice daily, in the morning and evening, 
to pass fish and clean the structures. A permanent camp at 
Hidden Creek permitted a closer watch on the installation 
there and fish were passed upstream whenever they gathered 
below the weir. 
On days when spawning surveys were not being conducted 
the streams were visited for the purpose of making addi­
tional observations of spawning behavior. At such times par­
ticular areas or groups of fish were observed over a period 
of time, study areas were visited at leisure and further 
observations of bear activity and fishing methods were ob­
tained. 
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SPAWNING BEHAVIOR 
Redd Site Location 
Many spawning salmonids select redd sites at the lower 
ends of pools where the water begins to shallow and the cur­
rent to swiften just above the point where the flow breaks 
over the lip of the pool into the riffle below. Such sites 
are often chosen by coho and Chinook salmon (Briggs, 1953); 
steelhead trout, Salmo gairdneri (Needham and Taft, 1934 and 
Shapovalov and Taft, 1954); kokanee, Qncorhynchus nerka 
(Schultz, 1935); cutthroat, Salmo clarki, and eastern brook 
trout, Salvelinus fontinalis (Smith, 1941); and Atlantic 
salmon, Salmo salar (White, 1942). Briggs (1953) noted 
that cohos also chose sites in riffles as well as tails of 
pools. Belding (1934) observed that Atlantic salmon usually 
selected sites near the bank of the river where the flow of 
water was broken. Burner (1951) indicated that spawning 
Chinook, coho, sockeye and chum salmon all utilized riffles 
for redd sites in the Columbia River watershed. In several 
large Washington streams spawning of chinook, coho and sock­
eye salmon was primarily restricted to riffle areas (Chambers 
et al., 195^; Chambers, Allen and Pressey, 1955). Dolly 
Varden char have also been observed spawning on riffles of 
gentle gradient, close to the stream bank (Needham and 
Vaughan, 1952). 
28 
Sockeye salmon first entered Hidden Creek and began 
spawning on August 11, in 1959. On August 13, I marked 14 
redd sites in the lower spawning area after taking detailed 
notes concerning the exact location of each redd and features 
of the immediate habitat. All 14 sites were located at or 
near the tails of pools and along the bank having the main 
stream flow. All sites recorded were occupied by paired fish 
on either the 11th or 12th of August and probably represent 
the preferred habitat available in this reach of stream, 
assuming the first fish select preferred sites. These sites 
and the surrounding stream were kept under close surveillance 
until the high water of August 25 prohibited further observa­
tions. 
The sequence of territorial ocation with regard to sub­
sequent arrivals showed a somewhat set pattern during the 
1959 spawning season. Observations made in later years 
served only to bear out further the occupational sequence 
first recorded in 1959. Sites were occupied progressively 
upstream from the initial redd in each pool until the head 
of the pool was reached (usually 3 to 4 redds). The next 
pair to occupy the pool usually selected a_site at the tail 
but across the stream from the original pair, providing the 
pool width permitted two territories parallel to each other. 
Later arrivals then chose territories progressively upstream 
until the pool narrowed or gravel stability decreased due to 
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the lateral inclination of the gravel bars usually associated 
with the shallow side of each pool. 
Pools, however, form from only 30 to 40 per cent of the 
available spawning gravels in the lateral system of Brooks 
Lake. Of equal or greater importance are the riffle loca­
tions selected as redd sites by sockeye salmon. Again, a 
definite sequence became apparent as the spawning season 
progressed. Short riffles of moderate depth and flow were 
utilized as redd sites as readily as were the tails of pools. 
Longer, shallow riffles possessing some refuge cover along 
the banks were occupied next. The last sites to be utilized 
were those in long, shallow riffles without inter-pools and 
adequate escape cover. Salmon locating redds in riffles in­
variably chose sites along the deeper side and higher bank 
first. 
Redd Site Selection 
Among sockeye salmon it is the female who selects the 
redd site. Noble (1938) states that in salmonids selection 
of the spawning location by the female is the usual condi­
tion. Given a reach of available and apparently suitable 
spawning gravel, the processes by which a female salmon 
chooses a particular spot as the location of her redd still 
are not clearly understood. The behavior involved in se­
lection of a spawning site can hardly be expected to result 
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as a response to a single environmental stimulus. Rather, 
the final choice undoubtedly climaxes a series of uncondi­
tioned reactions based upon response to certain sets of sign 
stimuli (Tinbergen, 1951). Just what stimuli are involved 
and in what sequence and manner the fish reacts to each one 
has not been carefully worked out. The literature contains 
a number of theories and observations bearing upon this 
point, several of which merit consideration. 
Some biologists believe that searching females can de­
tect in some manner the occurrence of seepage or sub-surface 
percolation of water and that the presence and magnitude of 
this intergrave1 flow governs to a large extent the selection 
of a redd site. Ward (1921a,b) attributed the location of 
spawning sockeye salmon to the presence of springs or seep­
age affecting water temperatures. The fact that considerable 
amounts of water probably seep through the gravels at tails 
of pools has been pointed out (Needham and Taft, 1934; 
Shapovalov and Taft, 1954). Stuart (1953a,b, 1956) hypothe­
sized that fish select suitable redd sites by the presence 
of a downward current of water into the gravels. Dye 
crystal experiments showed that dye was carried into the 
gravels at locations fish selected but was not at locations 
fish passed by even though Stuart could visually detect no 
differences in the gravel composition between the two areas. 
His experiments demonstrated that sub-gravel currents were 
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dependent chiefly on the gradient from one pool to the next 
and not on stream velocity. Stuart found that brown trout 
actually passed up areas without attempting to dig redds 
where the surface gravels were loose but where, a few inches 
below the surface, the gravels were firmly compacted by 
silt. Stuart concluded that (1953a, p. 35): 
There would therefore seem to be little doubt 
that an organism like a trout adapted to respond 
quickly to currents must be immediately aware of 
this downward movement of the water whenever it 
arrives at such a situation. 
The interchange of flowing stream and intergrave1 water 
in spawning riffles has been studied in pink salmon spawning 
areas in southeastern Alaska (Vaux and Sheridan, i 9 6 0 ) .  
They found the direction of interchange to be upward, Intra-
gravel to stream, in that part of a riffle in which the 
stream gradient decreased in the direction of flow. The 
direction of interchange in that part of a riffle in which 
the stream gradient increased in the direction of flow was 
downwards, stream to intragravel. Irregularities in the 
stream bed create standing waves. Vaux and Sheridan found 
the direction of interchange under the troughs of these waves 
was upwards, intragravel to stream. The direction of inter­
change under the crests of the waves was downwards, stream 
to intragravel. 
Much work has also been conducted concerning the subject 
of gravel permeability and sub-gravel flow in spawning areas 
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as a result of the increasing interest in the role played by 
sub-surface percolation with regard to the survival of salmon 
eggs and alevins (Wickett, 1954, 1958; Pollard, 1955; 
Terhune, 1958; Gangmark and Bakkala, 1958; She1ton, 1955)• 
Cordone and Kelley (1961) present a competent and valuable 
review of the literature pertaining to the effects of re­
duced permeability of gravel beds on salmonid survival. 
How might salmon detect water currents indicating a flow 
of water into or beneath suitable gravel beds? Mathisen 
(1955) postulated that female sockeye salmon gauge the prog­
ress of a partially completed redd in an indirect manner 
through their lateral line organs by determining trajectories 
of the water masses confined by the pot. Lowenstein (1957) 
stated, however, that the lateral line organs in fishes are 
chiefly concerned with distant touch orientation and he con­
cluded that insofar as local currents can influence the 
orientation of a free-swimming fish, the lateral line must 
be considered as an accessory rheotactic organ of subordi­
nate importance. 
Assuming acceptable water depths and velocities, other 
fishery biologists feel that the composition of the surface 
gravels, rather than sub-gravel conditions, determines 
whether or not the area will be selected for spawning. Hobbs 
(1940) has observed that in brown trout (Salmo trutta) and 
steelhead trout the state of the immediate surface material, 
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rather than of the underlying material, decides the suit­
ability of a bottom area as a nesting site. He found that 
a relative looseness of surface stones was necessary before 
a redd will be commenced and that trout avoided areas in 
which the surface gravels were partially embedded in sand 
or other materials. Fabricius (1950) cited the importance 
of clean-washed stone bottoms as a stimulus for the release 
of spawning activity in the Arctic char. Experiments con­
ducted in the laboratory tanks of the Institute for Fresh­
water Research at Drottningholm, Sweden, clearly showed that 
the digging movements of spawning Arctic char can be released 
by specific visual stimuli when the female encounters the 
proper gravel bottom during her searching for a spawning 
site (Fabricius and Gustafson, 1954). These experiments 
also demonstrated that in this species the females can 
actually be attracted to places having acceptable bottom 
material by visual stimuli alone. Fabricius and Gustafson 
eliminated the effect of seepage and tactile response by 
laying a smooth glass plate over areas of separately graded 
bottom materials in an observation tank containing several 
ripe char. The fish responded by exhibiting digging behavior 
over the portion of the glass plate covering the gravel 
composition normally selected for spawning. Needham (1961, 
p. 36), after observing the natural spawning of eastern 
brook trout, states that "Selection of the actual spawning 
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site is determined, by visual stimuli of particle sizes seen 
by the female, possibly coupled with water movements." Other 
biologists feel a tactile response to the surface gravels is 
an important stimulus in the selection process and prepara­
tion of the redd site (Jones, 1959; Mathisen, 1955). 
In spite of the work mentioned above, the problem of 
site selection and the role played by sub-gravel percolation 
and gravel composition still remains an intriguing one, 
warranting further critical investigation. Two facts seem 
certain, however; salmon must reach their home stream to 
spawn successfully (Thompson, 19^5) and once on their natal 
spawning grounds, acceptable gravels must be present before 
spawning will occur. Keyes Groot, a biologist studying the 
behavior of spawning salmon for the Fisheries Research Board 
of Canada at their Nanaimo Biological Station, believes that 
spawning depends most of all upon the character of the gravel. 
He states that if acceptable gravels are not present, Pacific 
salmon will die without spawning (Merrell, i960). 
Dr. Milton Trautman and I have both observed another 
phenomenon that we thought might possibly be connected with 
the selection of a redd site. The behavior, involving female 
fish only, was even termed "redd testing" by Dr. Trautman 
in his 1961 field notes. Female salmon migrating upstream 
would often be observed digging rapidly at a certain spot 
for from 1 to 5 seconds, sometimes repeating this behavior 
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pattern several times with intervening pauses of a few 
minutes, and then moving on upstream. The construction of 
trial redds has been recorded for Atlantic salmon by White 
(19^2). He observed that many of the trial redds were mere 
washings of the stream bed, but that others were made deep 
and clean and then abandoned. 
The sockeye females observed "testing" in Hidden Creek 
exhibited a behavior similar to that described by White al­
though they only occasionally deepened and cleaned a site 
before moving to another location. . Females seemed to exhibit 
this digging behavior most persistently as they moved up­
stream onto the spawning grounds. At this time they are mem­
bers of the large and active group of salmon ascending past 
established pairs into hitherto unoccupied spawning areas. 
This digging behavior usually increased in frequency as 
females neared the point at which they would soon select a 
redd site. Many of these migrating females often remained 
in one spot to dig repeatedly for several moments before mov­
ing to another area. I have observed a few distinctively 
tagged females attempt trial redds at several points during 
the course of their upstream movement before beginning a 
site subsequently occupied permanently. 
The above observations tended to support our "testing" 
theory except for the fact that female fish were observed 
carrying out the same digging movements in the deep holding 
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pools near the mouth of the stream and, occasionally, while 
still schooled in the lake off the mouth of the creek. At 
such locations the fish were actually too far above the bed 
of the stream or the lake to disturb the bottom. Such be­
havior also was noted to be of only brief duration (perhaps 
a second or two) and occurred only sporadically during 
periods of casual observation. Perhaps as females approach 
the spawning grounds the internal factors intensify that help 
elicit the digging behavior necessary for proper egg deposi­
tion. The stimulus increases in intensity as the fish ascend 
the creek, explaining the construction of trial redds or 
"testing". For this behavior to climax in the sustained ef­
fort required for constructing and completing a redd site for 
egg deposition, however, certain external stimuli must also 
be present. These stimuli could well be provided by accept­
able gravels and hydrologieal conditions. Once the two, 
internal and external, factors coincide the female begins 
construction of the redd that she will occupy and in which 
she will deposit her eggs. It would seem, then, that the 
digging behavior just described is a normal behavior pattern 
for female sockeye salmon not associated per se with redd 
site selection. 
Occasionally a female would attempt redd construction 
in sandy areas. After producing a shallow, saucer-shaped 
depression having no apparent pot, the fish deserted the site 
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and moved upstream to choose another. Sometimes a digging 
female encounters obstructions such as large boulders, bed­
rock or logs in the process of forming her redd. Under such 
circumstances, if the redd is only a few inches deep, it is 
usually deserted. On the other hand, if pairing has 
occurred and a territory has been firmly established, the 
female will either extend the redd laterally or upstream 
until a suitable pot can be excavated. 
Micro-gradient becomes important in the final selection 
of a redd site. Many locations having gravels similar to 
sites selected are avoided, presumably due to unsuitable 
micro-gradients. Micro-gradient may affect both water inter­
change, mentioned earlier, and the stability of "the bottom 
gravels. Gradient seems most suitable where the stream bed 
either falls slightly, is approximately level or, most com­
monly, rises slightly in the direction of flow, such as the 
pool tail locations already described. Fish seldom con­
struct redds where the bed falls steeply, but may choose 
gently sloping sites where the excavated tailspill will pro­
vide a slight rise. The bed must also be nearly level at 
right angles to the main stream flow. Portions of the stream 
bottom having moderate to steep lateral inclines are usually 
avoided or chosen as a last resort after other more pre­
ferred sites have already been occupied. 
Hourston and MacKinnon (1957) found that pink salmon 
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spawning in an artificial channel preferred redd sites 
having adjacent cover over exposed locations. The signifi­
cance of escape or refuge cover in the selection of a natural 
spawning site by sockeye salmon is hard to evaluate. In 
some Instances, especially in the case of early arrivals, 
the presence of cover appeared to be an influencing factor 
while in other cases lack of adequate concealment did not 
.prevent spawners from selecting a site. From many field ob­
servations it appears that, other factors being equal, areas 
with considerable escape cover usually have denser spawning 
populations than areas without available refuges nearby. 
It is generally safe to assume that given two equally 
desirable and adjacent locations with regard to depth, water 
velocity and gravel composition, sockeye salmon will tend to 
select the site offering the most cover and concealment 
nearby. Deeply undercut banks, banks overhung with tall 
grass and herbaceous plants, holes washed under tree roots, 
log and brush jams and deep holes in pools were especially 
favored locations (Figure 2). Lack of cover, however, was 
not a significant detracting factor if conditions of depth, 
velocity and gravel were optimum. 
Cover that elicits a selective response from alarmed 
fish may present an adequate stimulus level" from the fish's 
standpoint and yet not provide protection from danger. Con­
cealment alone does not insure safety in some cases. Bears 
Figure 2a. Log and brush jams and deep holes in 
pools are especially favored refuge 
sites 
Figure 2b. Deeply undercut banks and banks over­
hung with tall grass and herbaceous 
plants offer some concealment for 
spawning sockeye salmon 
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observed while fishing have occasionally been seen actually 
systematically reaching under overhanging vegetation and 
undercut banks in search of hiding salmon. Methods of fish­
ing appear to vary somewhat between individual bears and 
such tactics may be learned rather than instinctive but the . 
sites that would physically protect a salmon from such a 
thorough fisherman are few indeed. It may be that when 
alarmed, salmon seek refuge on the basis of a negatively 
phototactic stimulus rather than actively searching for 
cover offering physical security. Such behavior would account 
for the apparently ready acceptance of overhanging herbs and 
grasses as refuge cover. To have survival value for the 
species either enough dark places provide sufficient physical 
protection or not all bears learn to search for fish that 
merely seek refuges offering only concealment. 
Effect of Selection on Distribution 
Changes in the distribution pattern of spawning sockeye 
within a stream due to altered environmental conditions have 
been demonstrated by McDonald and Shepard (1955)• They 
describe a shift in spawning concentrations resulting from 
stream improvement measures that caused the flushing of fines 
from gravels previously supporting only a small percentage 
of the spawning run. No such pronounced change in conditions 
nor shift in distribution has occurred in the 3 years of our 
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study under natural stream conditions. Spatial distribution 
patterns indicate a fairly wide range of tolerance with re­
gard to gradient and gravel composition. Seldom have 
aberrant cases been encountered that fell outside the usual 
limits of tolerance. It is possible, however, that con­
temporaneous occupation by other fish of all suitable sites 
has influenced a few fish to choose abnormal locations. We 
will see in a later section that both spatial and temporal 
distribution patterns for the lateral spawning streams of 
Brooks Lake show: 
(1) A generally consistent annual spatial distribution 
pattern. 
(2) A temporal pattern that Indicates the selection of 
spawning sites by later arrivals occurs as a filling-in of 
areas previously chosen by earlier members of the run. 
The above patterns have remained reasonably consistent 
despite large numerical changes in the spawning population 
from year to year. All the available evidence indicates 
that at present levels of escapement spawning sockeye have 
selected redd sites consistent with the general distribution 
patterns to be described and few, if any, fish have been 
forced to choose sites outside these limits. 
Pair Formation and Territoriality 
Pair formation occurs soon after the female selects her 
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redd site. Apparently the digging activities of the female 
serve to attract nearby males who then struggle among them­
selves for a position near her side. At first the female 
repels the attentions of all males as well as other females. 
Soon, however, one male becomes dominant and is permitted to 
share the territory which he then helps to defend. At this 
time pair formation may be considered complete. 
Pairs, and even particular sites, remain in a state of 
flux throughout the spawning period. After a season's study 
of spawning sockeye in Hidden Creek, Dr. Milton Trautman 
made the following observation in his field notes : 
Upon four occasions I saw an encounter 
develop between two owners of adjacent redds in 
which the invader or invaders succeeded in driving 
the rightful owners from their redds, then occupy­
ing that redd for periods of 4 to 18 minutes, the 
invading female fanning (digging), the male guard­
ing as they did on their own redd. Upon two 
occasions the pair ejected from their redd took 
over the redd of the Invaders. 
Dr. Trautman's notes give no clear indication regarding the 
behavior of the deposed fish on the other two occasions. 
Presumably the usurpers returned to their original redds 
after the time elapses noted by Trautman. Again, his notes 
fail to provide this information. I have observed similar 
exchanges upon several occasions. Pairs displaced.from their 
redds may drop downstream and rest for a short time before 
returning to claim their site, or, as Trautman suggests, 
take over the invaders' site, if one exists. The pairs may 
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not necessarily remain intact when the second move occurs. 
That is, male "A" may remain in redd "B" and male "B" may 
remain in redd "A", or, less frequently, the females may re­
main. Whether or not such changes occur frequently or attain 
any degree of permanency I do not know. 
Promiscuity has been recorded in kokanee (Schultz, 
1938), sockeye (Forester, 1929; Mathisen, 1955) and Atlantic 
salmon (Belding, 1934). Babcock (1931), in a general dis­
cussion of Pacific salmon, stated he could find no evidence 
that spawning fish were mated. He claims finding no inci­
dent of female or male preference for any individual of the 
opposite sex. Our observations of sockeye spawning behavior 
at Brooks Lake indicate that, while pair formation is by no 
means always permanent t individual pairs may remain together 
for periods of from several hours up to almost the entire 
period the female remains on the redd site, usually about a 
week. A stream preference study conducted in i960 resulted 
in a number of distinctively tagged fish on the spawning 
grounds and thus provided a positive means of recognizing 
certain pairs kept under observation during the spawning 
period. 
Observations of sockeye salmon spawning behavior were 
made in Brooks River during the 1957 and 1958 field seasons 
(Merrell, 1958; Hartman, 1959). Many further observations 
have been recorded during the course of the lateral stream 
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distribution study. Present plans call for publication of 
these data in a separate paper dealing specifically with 
spawning behavior. Mathisen (1955) has studied the spawning 
biology of sockeye salmon with special reference to the ef­
fect of altered sex ratios. Detailed accounts of salmonid 
spawning behavior may be found for Arctic char (Fabricius, 
1953; Fabricius and Gustafson, 1954), grayling (Fabricius 
and Gustafson, 1955), Atlantic salmon (Jones and King, 1950; 
Jones and Ball, 1954) and cutthroat and eastern brook trout 
(Smith, 1941). Needham's (1961) study of the natural spawn­
ing of eastern brook trout also includes a comprehensive re­
view of the literature pertaining to salmonid spawning 
behavior. 
The subject of territoriality and territorial defense 
does not fall within the scope of this study except with re­
gard to territory size. Sockeye salmon evidence strong 
territorial behavior once the redd site has been chosen. 
The role of the redd site and sex partner in stimulating 
territorial behavior in male and female salmon requires fur­
ther study. Good discussions of territorial behavior in 
fishes may be obtained by reviewing the works of Morris (1958), 
Noble and Curtis (1939) and Reeves (1907). For a more 
general study of defensive behavior and the role of terri­
tories in breeding populations of animals the reader is 
referred to Collias (1944), Hinde (1956), Kluyver and 
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Tlnbergen (1953), Nice (1941) and Tinbergen (1936, 1948, 
1953). 
Territorial size and elasticity become important when 
considering distribution and, particularly, carrying capacity 
of the spawning gravels. Studies of territoriality in birds 
have shown that territory size may vary within limits de­
pending upon habitat conditions and the density of the breed­
ing population. Such limits have an upper as well as a 
lower value (Huxley, 1933). Territorial behavior of fishes 
resembles closely that already recognized for many species 
of birds (Breder, 1934). Size of territory in fish has been 
noted to change with spawning density (Babcock, 1931; 
Baerends and Baerends, 1950) and with stream velocity and 
the topography of the spawning bottom (Fabricius, 1951). 
Three years of observations made in the lateral system 
of Brooks Lake show that spawning pairs will tolerate another 
redd site as close as 6 feet, providing thereby a territory 
of about 36 square feet. Spawning populations appeared never 
to reach a level above which territory size had to be com­
pressed further due to lack of adequate amounts of acceptable 
spawning area. At Karluk Lake, however, sites were noted 
as close together as 3 to 4 feet in Meadow and Grassy Point 
creeks. The complex problem of territory size versus 
carrying capacity and optimum spawning density will be pur­
sued further in the section dealing with carrying capacity 
estimation. 
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Of equal importance with territory size is the duration 
of territorial defense. Whether or not later arrivals spawn 
in the same area as earlier fish (superimposition) or are 
forced to seek sites in hitherto unoccupied portions of the 
spawning grounds depends upon two factors ; the temporal dis­
tribution of the run and the length of time a particular 
site is defended from intruders. If the sites of early 
spawners are abandoned before the arrival of later fish, 
superimposition may result in the loss of spawn already de­
posited by earlier members of the run. I do not believe the 
role of superimposition as yet has been placed in proper 
perspective with regard to the general survival picture. 
During 1957 and 1958, spawning behavior studies in 
Brooks River furnished some data on the length of the spawn­
ing and post-spawning period. Observations of four pairs of 
fish in 1957 showed that after redd site selection and pair­
ing, males lived about 4.5 days and females about 8 days 
(Merrell, 1958). The data collected from observations made 
on 10 pairs of fish in 1958 were consistent with the 1957 
data. Males remained at the redd site for about 5 days and 
females stayed for about 8.5 days. The post-spawning period 
(3.5 days) averaged the same for both years (Hartman, 1959). 
Dr. Milton Trautman1 s 1959 field notes (Hartman, i960) 
contain an account of a pair of fish observed in Hidden 
Creek that established a territory on August 11. On August 
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14 Trautman states that the redd appeared completed and that 
both members of the pair were actively defending the terri­
tory. He noted the presence of the male on August 21 for the 
last time and the female was observed for the final time on 
August 27. The above observation made by Dr. Trautman must 
be considered an upper limit. Unfortunately, bear prédation 
often disrupts the normal sequence of events. Three years 
of spawning survey records on this stream indicate, however, 
that under favorable conditions a female requires from 2 to 
3 days to complete egg deposition and may remain on the redd 
site for a total period of a week or so. A shortening of 
the time required to deposit spawn in the lateral streams 
offers a decided survival advantage in the face of heavy 
prédation. Hence, the period of territorial occupancy in 
Hidden Creek probably approximates that already determined 
for Brooks River spawners although the time required for egg 
deposition may be shorter. 
Assuming a female salmon spends an average of 8 days 
occupying and defending her redd site, then redds established 
by early spawners may become abandoned before the latter 
portion of the run reaches the spawning grounds. Although 
total time required by the run to pass upstream through the 
Hidden Creek weir has varied from 19 days in 1959 to 28 days 
in 1961, weir records show that the majority of sockeyes 
enter Hidden Creek within 10 to 15 days after the start of 
the run (Table 5). Such a temporal pattern still provides 
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an opportunity for superimposition to occur for a week or 
more. Despite this opportunity, we observed no clearcut 
instance of superimposition on any of the lateral stream 
spawning grounds in 1959» i960 or 1961. 
Effect of Behavior on Site Selection 
Fish select sites in close proximity to those already 
established by earlier arrivals until all the adjacent 
acceptable area becomes occupied. It appears that the pres­
ence and stimulation of other fish may be desirable for 
spawning even when territorial behavior and redd defense is 
at its height. Spawning pairs are seldom observed alone if 
adjacent areas offer good spawning sites. There always seems 
to be a tendency toward segregation into more or less iso­
lated groups in the larger areas of uniform spawning habitat. 
Fish occupying any particular reach, even in areas acceptable 
to fish year after year, apparently seem to radiate in their 
site selection from an original focus of spawning activity. 
Just what portion of this behavior can be attributed to the 
physical characteristics of the spawning grounds that deter­
mine selection of a site and what portion may be ascribed to 
the social behavior of the fish is not understood. I do 
believe, however, that both forces may be operating together 
to produce the final pattern observed. 
Even with 3 years of detailed observations at hand the 
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effect of varying numbers of spawners remains difficult to 
evaluate. The general pattern of distribution in Hidden 
Creek has remained the same despite a three-fold decrease in 
the spawning population. Almost indisputable evidence shows 
that adult sockeye will return to the exact riffle in which 
the eggs they hatched from were deposited (int. Pac. Salmon 
Fish. Comm., Ann. Rpt. for 1954, p. 36). Consequently, if 
the survival of fish returning to spawn remains proportional 
we might expect distributional patterns of progeny to 
parallel those of the parent stocks. Only future spawning 
surveys in the years 1962 through 1964 or 1965 can shed light 
on the probability of such a mechanism as a determining 
factor in distribution. It seems apparent, however, that 
the number of spawners entering any of the lateral streams 
under study in the last 3 years has never been large enough 
to alter significantly the distribution patterns in these 
streams. 
Temporal Distribution 
Sockeye salmon school off the mouths of lake tributaries 
in the Brooks system for some time before entering the 
streams to spawn (Table 4). This schooling period may be 
part of the orientation process required in selecting the 
"home" or "preferred" spawning stream (Hartman, Heard and 
Strickland, 1961). Observations made in Hidden Creek Bay 
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Table 4. Schooling time of adult sockeye salmon off the 
mouth of Hidden.Creek, Brooks Lake, Alaska, be-
for first ascending the stream to spawn 
Year 
Date first salmon 
were observed 
off creek mouth 
Date first salmon 
were passed upstream 
through weira 
Time elapse 
in days 
1959 July 25 August 10 15 
i960 July 22 August 14 22 • 
1961 August 1 August 9 8 
aHidden Creek weir is located approximately 350 feet up­
stream from the creek mouth. Although some salmon hold in 
the stream below the weir before passing through the weir, 
no spawning occurs below the weir. 
during the past three field seasons show that additional 
groups of later spawners may reach the stream mouth and join 
the school after earlier arrivals have already entered the 
stream and commenced spawning. Even then, however, the later 
arrivals spend several days to a week or more schooled 
directly within the influence of the creek water flowing into 
the lake before they ascend the stream to spawn. 
We have not, as yet, investigated possible causes for 
the year to year variations in delay of ascent. Stuart 
(1953a) states that brown trout entered spawning streams 
when lake and stream temperatures were equalized, usually 
due to a spate. Svârdson (1955) infers that Atlantic salmon 
entering Swedish rivers from the Baltic follow a gradient of 
warmer water. The collection of more complete data may 
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indicate whether or not water temperature conditions might 
possibly be a factor influencing the ascent of sockeye sal­
mon into the spawning streams. 
One observation is recorded here in connection with the 
possible effect of temperatures. In 1959 almost all fish 
entered Hidden Creek during the afternoon. On August 13 
large numbers of fish were concentrated about the mouth of 
the stream at 10 a.m. Small schools of from 15 to 30 salmon 
frequently entered the mouth of the creek during the morning 
and early afternoon only to retreat to the lake after spend­
ing a few minutes in the first 100 feet or so of the stream. 
No fish reached the weir (some 350 feet upstream from the 
mouth) until 4:15 p.m. In the next 4 hours 622 fish were 
passed upstream through the weir. During this same period 
the stream water temperature rose from 51° F. at 10 a.m. to 
55° F. at 4:15 p.m. Although water temperature data were 
not available from Hidden Creek Bay for comparison, the sur­
face water temperatures for Brooks Lake averaged 52.5° F. 
during July and August (Hartman, i960). 
Huntsman (1948) suggests that freshets stimulate Atlantic 
salmon to ascend stream. Freshets have not coincided with 
the first ascendancy of sockeyes into Hidden Creek during 
1959, i960 or 1961. The 1961 run into Up-A-Tree Creek, how­
ever, did coincide with a spate on that stream. Freshets 
may have water characteristics that serve to stimulate 
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movement into the creeks. more complete water level data 
will be required before the role of freshets can be fully-
assessed. Water levels have never been known to prohibit 
the passage of salmon at the mouth of any creek in the 
system with the possible exception of West Creek, a stream 
not considered in this study. Moreover, within the streams, 
water depths and volumes of flow have always appeared to be 
more than adequate for the unlimited movement of fish onto 
the spawning grounds at any time during the season. 
The presence of three distinct waves of spawners has 
been recorded in Brooks River (Merrell, 1958; Hartman, 1959). 
Hartman (1959) stated that spawning apparently takes place 
in one wave in the tributary streams flowing into Brooks 
Lake. However, a study of the migration patterns of sockeye 
entering lateral streams to spawn based upon weir records 
indicates that fish did, in fact, appear to enter Hidden 
Creek in three distinct, though compressed, spawning waves 
in 1959 and possibly 1961 and at least two waves in i960 
(Table 5). Weirs are placed in the streams and closed when 
fish first appear off the mouth of the creeks, thus insuring 
a complete enumeration of the run. Both Up-A-Tree and One 
Shot creeks were weired for the first time in 1961. The 
pattern of migration into these two streams is set forth in 
Table 6. Both sets of data indicate the possibility of more 
than one major influx of spawners into these creeks as well. 
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Table 5 .  Hidden Creek weir counts for the 1959* I960 and 
1961 spawning seasons 
Number of fish passed Cumulative upstream 
upstream count 
Date 1959 I960 1961 1959 i960 1961 
August 9 38 38 
10 1,240 0 1,240 
11 0 39 77 
12 0 1 78 
13 547 383 1,787 461 
14 40 23 417 1,827 23 878 
15 574 1,216 0 2,401 1,239 
16 224 269 0 2,625 1,508 
17 0 6 8 1,514 886 
18 1,217 42 130 3,842 1,556 1,016 
19 0 0 0 
20 0 0 0 
21 0 319 0 1,875 
22 22 158 0 3,864 2,033 
23 0 0 0 
24 0 110 0 2,143 
25 0 43 7 2,186 1,023 
26 0 1 46 2,187 1,069 
27 0 15 3 2,202 1,072 
28 694 37 0 4,558 2,239 
29 10 1 2,249 1,073 
30 26 0 2,275 
31 1 1,074 
Sept. 1 4 1,078 
2 0 
3 0 
4 0 
5 13 1,091 
It would be presumptuous, however, to assign any real meaning 
to a single year's records. 
Although Briggs (1953) noted little difference in the 
distribution of early and late arrivals among Chinook salmon 
in a small California coastal stream, he nevertheless 
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Table b. Migration patterns of fish ascending Up-A-Tree and 
One Shot creeks to spawn in 1961 as determined by 
actual weir counts 
Stream Date 
Number 
passed upstream 
Cumulative 
upstream count 
Up-A-Tree July 28 1 1 
30 135 136 
31 28 164 
521a 
121 642 
August 1 1 643 
2 35 678 
5 10 688 
6 3 691 
8 26 717 
9 59 776 
11 9 785 
12 2 787 
13 3 790 
14 19 809 
15 10 819 
17 12 831 
27 1 832 
One Shot July 30 1 1 
31 10 11 
August 1 14 25 
2 146 171 
3 6 177 
4 9 186 
5 3 189 
8 85 274 
9 1 275 
11 4 279 
12 11 290 
15 1 291 
18 5 296 
20 4 300 
27 1 301 
28 2 303 
30 2 305 
a-At 7:30 a.m. on July 30 the Up-A-Tree weir was dis­
covered wasned out due to high water. The weir was replaced 
and a stream survey made on July 31 after the water receded 
and cleared. A best estimate or 521 fish was obtained. This figure was then used for subsequent cumulative counts. 
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proposed the following hypothesis y Brlggs, 19b:>, p. 240;-. 
In anadromous or potamodromous fishes the 
earliest arrivals in a particular spawning tributary 
will travel to the farthest reaches of the accept­
able breeding area, the later arrivals occupying 
territories closer to the mouth of the stream. 
Brlggs suggests that in some Pacific salmons the reason for 
such a distribution pattern may lie in the territorial be­
havior of the female. He proposes that territorial behavior 
may discourage later females from penetrating farther into 
the spawning area, especially if the stream is small. Un­
fortunately, he omits any mention of stream widths, lengths 
or depths for comparative purposes. 
Data collected at Brooks Lake indicate an entirely dif­
ferent pattern than that hypothesized by Briggs. In 1959 
spawning surveys were conducted every other day on Hidden 
Creek throughout almost the entire spawning season. Looking 
at the distribution of live fish in Hidden Creek as deter­
mined by the 1959 surveys we see that the first survey, made 
two days after 1,24-0 fish entered the stream, indicates a 
general distribution throughout, all the areas subsequently 
occupied for the entire spawning season (Table 7). Follow­
ing surveys only served to emphasize the original pattern 
(Figure 3). Buildups of new fish merely became superimposed 
upon those already occupying the spawning grounds. Later 
arrivals, as indicated by the last three surveys, actually 
moved through already occupied areas to reach upstream 
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Table y. frequency of occurrence of live sockeye salmon 
encountered by section during the 1959 spawning 
surveys of Hidden Creeka 
number 12 14 16 .18 20 22 24 29 
1 20 182 581 491 747 578 408 13 
2 237 190 116 196 166 121 153 8 
3 1 25 25 14 18 20 19 12 
4 4 21 37 14 18 16 60 15 
5 6 17 38 24 33 35 42 19 
6 5 32 48 35 48 45 71 43 
7 34 53 96 69 91 94 98 81 
8 13 42 62 44 51 39 72 33 
9 11 24 72 68 64 81 99 96 
10 3 16 37 28 28 26 66 45 
11 0 2 8 4 0 6 24 11 
12 9 13 9 8 8 16 47 15 
13 6 9 11 7 14 11 57 23 
14 22 24 34 31 38 45 83 29 
15 18 12 28 22 34 19 89 31 
16 12 7 16 6 19 28 37 41 
17 20 23 46 38 41 35 83 17 
18 27 35 43 44 38 50 85 35 
19 26 21 46 38 41 35 83 17 
20 23 24 38 33 44 46 87 24 
21 10 9 23 20 17 15 37 12 
22 51 27 52 45 45 32 102 48 
23 13 7 14 8 15 33 39 24 
2 4  4 1 5 4 2 1 7 0  
25 19 8 14 6 15 12 63 27 
26 18 12 8 21 6 26 53 31 
27 55 4 49 44 15 42 93 73 
28 44 20 37 27 25 34 78 32 
29 54 48 68 78 31 47 160 49 
30 43 15 31 31 20 11 92 61 
31 18 13 20 5 9 14 20 52 
32 89 60 61 67 47 45 68 152 
33 196 15 23 10 25 10 90 149 
3 4  0 0 0 0 0 0 8  6 0  
3 5  0  4 3  0 0 0 0 1 9  
TITT IÔ5? 1795 T56H 1792 155? 267? T39H 
^Sections are identical to the original gradient survey 
sections as described in the chapter dealing with Methods of 
Procedure and as presented in Appendix B. 
^All spawning surveys were made in August. 
Figure 3. A comparison of the temporal distribution of live sockeye 
salmon in Hidden Creek between the years 1959 and 1961 by 
survey section. The figure is based on the stream survey 
records presented in Tables 7 and 8 
Part 1. Early portion of the run; surveys made on August 12, 14 
and 16 in 1959. Surveys made on August 11, 13 and 15 in 
1961. Lines represent the number of live fish per 
section averaged over three surveys. The continuous 
line represents the average number of fish per section 
for the entire season, Sections 1 and 2 omitted 
<0 00 CXJ — 
120-1 
100-
80" NUMBER OF LIVE 
FISH BY SECTION 
A V E R A G E D  O V E R  3  60  
SPAWNING SURVEYS 
40-
20 
SURVEYS CONDUCTED AUGUST 12, 14 and 16, 1959 
10  15  20  25  
STREAM SECTION 
SURVEYS CONDUCTED AUGUST II, 13 and 15, 1961 
NUMBER OF LIVE 
FISH BY SECTION 30 
AVERAGED OVER 3 
SPAWNING SURVEYS 
STREAM SECTION 
Figure 3 (continued) 
Part 2. Middle portion of the run; surveys made on August 18, 20 
and 22 in 1959. Surveys made on August 17, 19 and 21 
in 1961. Lines represent the number of live fish per 
section averaged over three surveys. The continuous 
line represents the average number of fish per section 
for the entire season, Sections 1 and 2 omitted 
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Figure 3 (continued) 
Part 3. Latter portion of the run; surveys made on August 24 and 29 
in 1959. Surveys made on August 23 and 26 in 1961. Lines 
represent the number of live fish per section average over 
two surveys. The continuous line represents the average 
number of fish per section for the entire season, Sections 
1 and 2 omitted 
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spavming locations. Survey data for Up-A-Tree and One Shot 
creeks also show that later arrivals tend to fill in va­
cancies in reaches already occupied by earlier, fish (Appendix 
A). 
In 1961 surveys were made each day on Hidden Creek, with 
few exceptions. The occupational pattern, using data only 
from alternate surveys, differs somewhat from that described 
for this stream in 1959 (Table 8). The lower spawning area 
was occupied before a general movement to invade the remain­
ing upper portions of the stream occurred. The shift to the 
upper areas disclosed by the August 15 survey correlates 
well with the passage of 800 fish upstream through the weir 
on August 13 and 14. Less than 200 fish entered the creek 
thereafter and the remaining surveys only served to document 
the decline in live fish throughout the spawning grounds. 
The pattern becomes somewhat confounded when the i960 
data are examined. Although only three surveys were made, 
the trend appears distinctly reversed (Table 9). The lower 
spawning area, heavily seeded in 1959, remained practically 
unused throughout the season whereas the uppermost reaches 
of the stream received relatively large numbers of spawners. 
In this case the data appear to support Briggs1 hypothesis. 
No explanation of this reversal is apparent with regard to 
stream conditions during the three years of the study. If 
the basis of such a distribution pattern is genetic as 
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Table 8. Frequency of occurrence of live sockeye salmon 
encountered by section during alternate spawning 
surveys of Hidden Creek in August, I96I& 
Section 
number 11 13 15 
Date of 
17 
survey 
19 21 23 26 
1 3 60 168 164 61 54 73 
2 0 ob 1 1 81 90 40 0 
3 0 16 0 0 0 6 11 3 
4 2 5 3 1 4 7 5 2 
5 1 7 3 0 2 3 0 0 
6 7 38 1 8 5 3 2 1 
7 17 36 16 17 11 17 12 2 
8 0 11 8 9 2 0 0 2 
9 1 44 8 7 8 11 25 6 
10 0 27 5 1 3 0 0 2 
11 2 0 8 0 0 0 1 3 
12 0 2 14 3 5 2 1 2 
13 0 0 6 8 6 2 6 6 
14 0 1 14 19 20 6 1 3 
15 0 5 14 12 11 4 0 0 
16 0 7 15 6 11 6 0 0 
17 0 5 44 6 21 6 8 1 
18 0 3 30 30 20 25 4 1 
19 0 0 22 33 27 16 1 0 
20 0 1 8 18 7 0 2 0 
21 0 0 4 3 6 0 0 0 
22 0 1 23 27 27 5 0 1 
23 0 1 18 17 7 0 0 2 
24 0 0 4 4 2 0 0 0 
25 0 0 30 16 19 0 1 3 
26 0 0 30 21 5 2 0 2 
27 0 2 70 24 20 17 1 3 
28 0 0 18 12 7 4 1 0 
29 0 0 61 21 10 9 4 3 
30 0 0 34 2 20 9 1 0 
31 0 0 9 3 0 0 0 0 
32 0 0 50 6 0 0 4 0 
33 0 0 2 0 0 1 0 0 
34 0 0 0 0 0 0 0 0 
35 0 0 0 0 0 0 0 0 
• 33 212 653 503 531 312 185 121 
a-Sections are identical to the original gradient survey 
sections as described inthe chapter dealing with Methods of 
Procedure.and as presented in Appendix B. 
^Counts of live fish were not made in these sections on 
this date due to the impossibility of obtaining an accurate 
tally because of extreme wariness of fish. 
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Table 9» Frequency of occurrence of live sockeye salmon 
encountered by section during the i960 spawning 
surveys of Hidden Creek3, 
Section Date of survey 
number August 17 August 20 August 24 
1 66 74 11 
2 26 38 55 
3 14 5 48 
4 42 22 23 
5 15 7 18 
6 15 9 10 
7 15 10 20 
8 5 0 6 
9 3 2 48 
10 9 5 1 
11 3 0 0 
12 31 18 11 
13 29 28 2 
14 24 31 12 
15 25 19 16 
16 7 8 5 
17 39 34 21 
18 42 43 27 
19 61 52 7 
20 64 23 10 
21 27 13 2 
22 16 39 29 
23 20 14 14 
24 13 8 4 
25 38 30 17 
26 52 61 20 
27 52 22 4 
28 38 21 15 
29 90 53 24 
30 42 46 18 
31 12 4 0 
32 120 74 45 
33 150 129 109 
34 23 49 42 
35 4 22 1 
1232 1013 695 
^Sections are identical to the original gradient survey 
sections as described in the chapter dealing with Methods of 
Procedure and as presented in Appendix B. 
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Brlggs: suggested alternative to territorial defense then we 
can only await the return of adults produced by this year 
class for indication of such a mechanism. 
Territorial defense on the part of established pairs 
cannot be considered a deterrent to the upstream passage of 
later arrivals. Hidden Creek, with an average width of 10 
to 15 feet and an average riffle depth of less than 12 
inches, may be considered a small stream. Yet, I have upon 
many occasions stood on the bank overlooking areas of in­
tense spawning activity in this and other similar small 
spawning streams and repeatedly observed large numbers of 
late arrivals work their way upstream through reaches con­
taining well-established territories occupied by pairs 
vigorously defending their partially completed redd sites. 
At such-times the activity assumes frantic heights. New fish 
swim upstream in brief flurries of effort, often pausing to 
rest within established territories. Defending males quickly 
arise to the occasion by bluffing, blocking and eventually 
driving migrant males further upstream where the entire 
process may be repeated again and again. Territorial females 
respond in a like manner towards migrating females. Rarely, 
a resident fish will even defend its territory against a 
migrant of the opposite sex. Even in a creek so narrow that 
one territory completely "blocks" the stream it is doubtful 
that a defending pair could prevent the passage of other 
fish. While the pair was occupied with driving off one or 
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two intruders, others would undoubtedly make their way up­
stream through the territory with impunity. 
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DESCRIPTION OF SPAWNING- STREAMS 
Hidden Creek 
Hidden Creek traverses a total distance of approximately 
8.3 miles to enter.Brooks Lake on the southeastern shore 
slightly over 6 miles from the outlet, Brooks River. The 
stream drains a watershed of just over 11 square miles. 
Hidden Creek has a "normal" width of between 12 and 20 feet 
in its lower reaches, narrowing slightly to an average of 
10 to 15 feet farther upstream. Riffle depths seldom exceed 
12 inches at usual summer water stages ; many are shallower. 
All pools may be waded easily in hip boots except those in 
the lower meadow just above the outlet. Under normal condi­
tions the stream remains passable to migrating adult salmon 
for a distance of 13,000 feet. At this point an active 
beaver dam stops further upstream progress. 
From the mouth of the creek to the point where spawning 
activity begins, a distance of about 2,300 feet, the stream 
flows through a low meadow (Figure 4). At the lower end of 
this meadow the stream bottom is largely sand, overlain with 
some silt and organic debris. Throughout most of the reach, 
however, fine gravels heavily mixed with sand predominate. 
Only in the upper quarter or so do the gravels become 
coarser and the sand less prominent (Figure 5). Riffles 
increase from 20 per cent in the lower third to 50 per cent 
Figure 4. Hidden Creek flows through a low meadow 
for the first 2,300 feet above its mouth. 
No spawning occurs in this area because 
of the low gradient and the resulting 
deposition of small gravels, sand and silt 
Figure 5. The low gradient study area on Hidden Creek, 
Section 2, supported no spawning population 
during the three years of the study. 
A gravel sample from this area is pictured 
in Figure 16c 
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or more at the upper end of the reach. They grade from 
poorly to rather well defined as the pools change from deep, 
slow, poorly-defined bends to those formed by undercutting 
of the banks and containing the major current flow. The 
banks increase in height from water level near the outlet 
to 3 to 4 feet. The wide, low valley supports a bog meadow 
vegetation dominated by a grass-sedge association. Willow 
and birch thickets increase markedly as one proceeds up­
stream. Spruce trees are represented by only a few lone 
snags drowned out during the active stages of two or more 
beaver ponds whose ancient dam breasts may still be seen. 
For the next 1,500 feet the valley walls close in and 
the gradient steepens. Here the bottom is composed of gravels 
grading from pea size to stones more than 3 inches in 
diameter. Some fine gravels mixed with sand and organic 
debris cover the bottom in quiet portions. Riffles are well 
defined with some broken water and comprise up to 70 per cent 
of the area (Figure 21). Pools remain shallow but are better 
defined and have strong currents. Banks gently slope on in­
side bends and rise vertically 3 to 4 feet on outside bends 
where considerable undercutting occurs. The vegetation 
along the banks consists of grasses and herbaceous growth 
interspersed with some horsetail and occasional clumps of 
moss. Here the dominant willow-birch community also in­
cludes an occasional white spruce or poplar. This reach 
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supported a heavy concentration of spavmers in 1959 and a 
moderate number selected sites here in 1961. In i960, how­
ever, the area was almost entirely bypassed by ascending 
salmon (Figure 6). 
Immediately above this reach the stream is joined by a 
small tributary while passing through a series of old beaver 
dams for a distance of almost 1,000 feet (Figure 26). Here 
the gradient has been reduced by deposition. The coarser 
gravels appear only in the faster riffles except in the 
upper third of the old beaver meadow where erosive forces 
have washed the sandy silt away. The channel braids con­
siderably in the lower two-thirds of the meadow, flowing one 
way one year and another the next, but becomes consolidated 
into a single course at the upper end. Shallow riffles 
appear over 70 per cent of the reach and pools are few and 
poorly defined. The low, sloping banks are covered with 
grasses and herbaceous plants. A number of downed timbers 
lie across the stream as a result of old beaver cuttings. 
Numerous broken dam breasts attest "to considerable past 
beaver activity. A few live spruce dot the meadow at higher 
points. Dead snags mark the limits of prior inundation. 
Trees from the dams may be dated by the much expanded annular 
growth rings beginning in 1913 as a result of increased 
nutrients due to the ash fall from the Mount Katmai eruption 
the previous year. Such trees indicate that the period of 
Figure 6. Hidden Creek gradient profile and per 
cent of the total number of redds tallied 
each year, by major descriptive divisions 
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greatest beaver activity occurred in the 1940's according to 
counts made by Dr. Milton Trautman. This meadow appears to 
be in the first stages of recovery and occasional spawners 
select redd sites within its upper limits. 
For the next 7,000 feet or so Hidden Creek flows 
through a narrow, heavily wooded valley. The stream bottom 
is composed predominantly of assorted gravels up to 5 and 6 
inches in diameter. Sand and boulders appear at various 
points, depending upon the micro-gradient. We11-developed 
riffles interspersed with short stretches of white water 
cover about 70 per cent =of this reach (Figure 11). Through­
out the section "shallow pools remain poorly defined with . 
swift currents, offering little in the way of cover for 
spawning salmon. The banks rarely exceed heights of 3 to 4 
feet, have generally gradual to moderate inclinations and 
are only poorly to moderately undercut. Herbaceous dicots 
and grasses continue to dominate the streamside flora while 
horsetail flourishes in restricted locations. The valley 
floor supports a stand of mature poplar with an under-
story of willow. Scattered white spruce merge into the 
climax spruce-sphagnum association upwards along the valley 
slopes. At various points timbers lie across the stream, 
providing refuge cover for adult salmon (Figure 7). 
This reach is divided at about the half-way mark into a 
lower and an upper spawning unit by several hundred feet of 
Figure 7. At various points timbers- lie across 
the streams, providing some escape 
cover for adult salmon 
Figure 8. Hand-powered portable sieve shaker used 
for the mechanical analysis of gravel 
samples 
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stream having a high gradient. Both areas are used exten­
sively by spawning sockeyes. 
Upon entering the final 1,000 feet of stream below the 
active beaver dam, a gradual decrease in gradient becomes 
apparent. Sand and small gravels increase markedly in an 
area of breached beaver dams downstream from the active 
structure. Riffles remain well defined in the lower portion 
but become reduced to less than 50 per cent in the beaver 
meadows. Several well-developed pools lie under a tangle of 
down timber but the bottom in slow areas contains mostly 
muck and fine sand. The low banks grade back into a small 
beaver meadow covered with sedge. The higher slopes support 
a climax white spruce community containing an occasional 
birch. This portion of the stream is seldom, if ever, uti­
lized by spawning salmon. 
Several ponds located above the active beaver dam im­
pound a total of 30 to 40 acres of water. At "normal" water 
stages this dam prevents salmon migration. On August 26, 
1959# however, five adult salmon were observed in the pond 
immediately above the dam. Undoubtedly these fish ascended 
the dam during a period of unusually high water occurring 
immediately prior to this date. 
Up-A-Tree Creek 
Up-A-Tree Creek, the longest lateral in the Brooks 
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system, enters the lake at the southeastern corner after 
draining a watershed of approximately 29 square miles. Only 
the lower 4.5 miles of this 15-mile stream is readily access­
ible to spawning salmon. Beyond this point a series of active 
beaver dams normally blocks further upstream progress. The 
stream averages 10 to 15 feet in width throughout most of 
this distance. Riffles at normal water stages vary in depth 
from 10 to 14 inches while many pools cannot be waded with 
hip boots. 
The majority of sockeye salmon entering Up-A-Tree Creek 
to spawn usually select redd sites in the first 7,000 feet 
of stream (Figure 9). Except for a short stretch of sand 
and silt near the outlet, over 90 per cent of the bottom is 
composed of gravels grading from a maximum diameter of 3 
inches at the lower end of the reach to 5 inches at the up­
stream terminus. Well-defined riffles with some white water 
in the upper portions cover 60 per cent of the area. Deep, 
well-defined pools suitable as holding points and refuges 
constitute the remainder. The banks do not exceed 4 feet, 
many being lower and sloping. A fair degree of undercutting 
adds escape cover. Along the banks grasses form the dominant 
cover but intersperslons of moss and horsetail are common. 
A spruce-poplar community dominates the forest stand, adding 
downed timber as additional stream cover at some points. 
Alder appears only near the stream outlet. Throughout this 
reach beaver activity is of no consequence although the 
Figure 9. Up-A-Tree Creek gradient profile and per­
centage of the total number of redds 
tallied each year, by major descriptive 
divisions 
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remnants of several ancient dams may still be recognized. 
For approximately the next half mile upstream the gra­
dient steepens, resulting in bottom types composed of many 
small boulders greater than 12 inches in diameter and large 
gravels from 2 to 6 inches in diameter. Steep riffles with 
much white water cover almost the entire area. Less than a 
half dozen pools occur. Vertical banks 4 feet high or 
higher confine the stream here and considerable undercutting 
has taken place. The forest cover remains the same as below 
but is composed of older trees, especially poplar. 
Most of the salmon that pass through the lower spawning 
area select sites in the next 8,000 feet of stream. The 
upper limits of this stretch of stream are set by a transi­
tion from climax forest to beaver meadows. Within the reach 
local beaver activity has resulted in short portions having 
bottoms comprised mainly of sand. For the most part, however, 
gravels cover 80 to 90 per cent of the stream bottom. Riffles 
are long and well-defined but pools are poorly developed, 
contain some sand and offer little escape cover. Steep to 
vertical banks extend as much as 5 feet above the stream in 
some places with little development of undercutting. Downed 
timbers provide some cover at restricted foci of old beaver 
activity. Deciduous trees form the understory in the climax 
spruce forest of the valley floor. Grass remains the 
dominant bank cover. 
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Past beaver activity has greatly modified the remaining 
6,500 feet of stream lying below the active dams. In fact, 
throughout almost half of this distance the depth of soil 
deposited on the valley floor as a result of beaver activity 
exceeds 5 feet. Bottom materials evidence this influence by 
being almost entirely composed of sand with a silt covering 
in quiet water. Some small gravels are mixed with the sand 
near the lower end of the reach. Riffles are poorly defined 
due to the low gradient. Pools, however, tend to be deep 
when present. Many areas have, Instead, a slow, steady flow 
of fairly deep water. The banks are high, 4 to 7 feet, 
vertical and frequently deeply undercut. The meadows are 
covered with bluejoint grass, wild rose (Rosa sp.) in places, 
horsetail in low spots or a growth of low willows and birches 
intermixed with occasional poplars. Spruce remains dominant 
in areas obviously not previously flooded. 
One Shot Creek 
This creek is the shortest lateral tributary of major 
significance as a spawning stream in the Brooks system. 
Draining a watershed of about 5 square miles, the stream flows 
for a distance of slightly over 4 miles through a narrow 
valley. This stream averages less than 10 feet in width and 
many riffles are 10 to 14 inches deep. The deepest pools 
cannot be waded with hip boots. One Shot Creek is accessible 
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to spawning salmon for slightly over half its length or 
roughly 12,500 feet. At this point an abandoned beaver dam 
halts almost all upstream progress. Six adult sockeyes were 
observed above this dam on August 4, i960, the only fish 
known to have surmounted the structure during the three years 
of this study. 
The major spawning concentration occurs in the first-
2,4-00 feet of stream (Figure 10). This region contains what 
appear to be the best spawning areas in the entire stream. 
Gravels 2 to 3 inches in diameter predominate, although in 
some sections larger gravels and some boulders make up con­
siderable portions of the stream bottom. Near the stream 
mouth some sand occurs between the gravels and settles to 
form bars in quiet backwaters and eddies. Riffles are well 
defined with little white water and comprise about 70 per 
cent of the reach. Well-developed pools providing good 
escape cover form the remaining 30 per cent. The banks range 
from 3 to 6 feet in height and are sloping to vertical with 
some undercutting. Horsetail, moss and grass cover the 
forest floor. Willows predominate but stands include some 
poplar and birch. Spruce are relatively scarce along the 
lower portion of the stream. 
The gradient increases markedly for the next 500 feet 
or so. Here the bottom contains a few boulders, many large 
rocks and considerable coarse gravel. Deep, swift riffles 
Figure 10. One Shot Creek gradient profile and 
percentage of the total number of 
redds tallied each year, by major 
descriptive divisions 
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having considerable white water form 00 per cent of this 
reach. The few pools present are poorly defined with swift 
currents (Figure 12). Banks are 2 to 6 feet high, steeply 
sloping to vertical, moderately undercut and covered with 
moss, bluejoint and horsetail. Forest cover remains much the 
same as before. Few fish spawn in this reach. 
A few spawners select redd sites in the next 1,700 feet 
of stream where conditions are favorable. The reach is 
characterized by small areas of gravels 2 to 3 inches in 
diameter located between much longer stretches of large 
gravels, rubble and some boulders. The area contains several 
large pools in the lower portion but changes to a series of 
poorly-defined riffles and swift shoots with few pools far­
ther upstream. Banks remain steep and willows dominate the 
valley flora. 
Practically no spawning occurs upstream for a distance 
of 3,800 feet. The gradient increases markedly again as the 
valley narrows. The stream bottom becomes boulder strewn 
with only local pockets of coarse gravels. Few pools exist, 
and those that do occur are merely undercut bends with swift 
currents and poorly-defined tails. Here swift shoots and 
riffles alternate with stretches of torrential flow over 
jumbled boulders. The 4 to 7 foot banks extend vertically 
above the stream bed. Banks are moss-covered and support a 
mixed poplar-birch-willow understory. As one proceeds up 
the valley white spruce become more abundant. 
Figure 11. Riffles are utilized to a great extent as 
spawning sites by sockeye salmon. This one 
is characteristic of the long reach of 
moderate gradient lying above the abandoned 
beaver meadow in Hidden Creek 
Figure 12. Areas having high gradients are seldom 
selected as redd sites by sockeye salmon 
spawning in the Brooks Lake lateral stream 
system. This is a low spawning density area 
on One Shot Creek, Section 8. A gravel 
sample from this area is pictured in Figure 
16a 
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At the upper end of this swift reach an abrupt change 
in gradient occurs as a result of an outcrop of the under­
lying intrusive rock formation. Here huge boulders form a 
shelf or lip across the valley floor. Above this outcrop the 
valley widens and the first signs of beaver activity become 
apparent. The marked reduction in gradient is reflected in 
the bottom composition. Sand predominates throughout most of 
the low gradient area changing almost entirely to organic 
muck at the lower end just above the lip. A willow-bluejoint 
community containing scattered dead spruce tops the stream 
banks throughout the meadow. The stream meanders for 2,300 
feet above the rock lip until the valley walls close in at 
the upper end of the meadow. 
Here the gravels improve somewhat for a distance of 
1,600 feet to the abandoned beaver dam blocking further up­
stream migration. Each year a modest population of spawning 
fish migrates upstream to this upper spawning area. The 
bottom is composed of much coarse gravel mixed with some 
finer gravel and sand near several abandoned and breached 
beaver dams. Riffles become more defined, covering better 
than 50 per cent of the stream. Fairly deep pools provide 
good refuges but have considerable current. The sloping 
banks attain a height of 2 to 7 feet and are covered with 
horsetail and bluejoint. A few large spruce dominate the 
understory of willow and poplar, a result of the recovery of 
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this area from previous inundation by the now abandoned 
beaver dams. 
General Stream Gradients 
The overall gradient characteristics for the general 
descriptive divisions just discussed are presented in Table 
10. The two shorter reaches in Hidden Creek display rela­
tively high gradients (Table 10). These figures are mislead­
ing when interpreted without accompanying ecological informa­
tion. The two sections actually exhibit quite low gradients. 
Several breached beaver dams and old log sills, however, 
create localized falls of a foot or more. Reflected in the 
overall gradient, these abrupt drops in elevation of the 
stream bed assume disproportionate significance. 
In general, then, we see that Hidden Creek passes 
through a final stage of relatively low gradient near its 
mouth then increases to a generally moderate slope through­
out the rest of its course, broken only by two short areas 
of low gradient due to beaver activity (Figure 6). 
Up-A-Tree Creek, almost twice as long as the other two 
streams, has an overall fall in feet per mile considerably 
less than half that of either Hidden or One Shot Creek 
(Table 10 and Figure 9). This difference results partly 
from considerable areas of low gradient in the upper reaches 
of this stream as well as a generally lower gradient 
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Table 10. Gradients for each major division of Hidden, 
Up-A-Tree and One Shot creeks 
Length of 
division Total fall Fall in feet Per cent 
Creek in feet in feet per mile grade 
Hidden 2,361 7. 95 17. 78 0. 34 
1,486 11. 01 39. 12 0. 74 
949 11. 84 65. 87 1. 25 
7,229 104. 83 76. 57 1. 45 
971 10. 77 58. 56 1. 11 
Totals 12,996 146. 40 59. 48 
Up-A-Tree 7,012 50. 82 38. 27 0. 72 
2,226 15. 49 36. 74 0. 70 
8,039 28. 94 19. 00 0. 36 
6,447 15. 25 12. 49 0. 24 
Totals 23,724 110. 50 24. 59 
One Shot 2,463 21. 95 47. 05 0. 89 
557 11. 02 104. 46 1. 98 
1,697 22. 04 68. 57 1. 30 
3,828 70. 85 97. 72 1. 85 
2,296 9. 84 22. 63 0. 43 
1,652 13. 88 44. 36 0. 84 
Totals 12,493 149. 58 63. 22 
throughout. As already indicated, the upper areas of low 
gradient, in particular, probably have been further reduced 
in slope as a result of former beaver activity. 
One Shot Creek exhibits the typical characteristics of 
a high gradient stream. A considerable portion of the creek 
possesses a general gradient profile in the neighborhood of 
100 feet per mile (Table 10 and Figure 10). Lower gradients 
occur in the upper reaches, centering mainly about foci of 
abandoned beaver dams and attendant obstructions. The first 
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1,600 feet of stream below the dam limiting upstream movement 
of adult salmon is particularly interesting. This reach has 
almost completely recovered from the effects of inundation 
and subsequent silt deposition during the height of beaver 
occupation. Organic and sand deposits have been flushed 
downstream to a large extent and the gravels appear restored 
as suitable spawning sites. 
In both Hidden and One Shot creeks less than 10 per cent 
of the total length has a gradient below 20 feet per mile. 
On the other hand, over 4? per cent of Up-A-Tree Creek 
possesses a slope of less than 20 feet per mile (Table 16). 
The remaining portion of Up-A-Tree Creek has a moderate 
slope, not exceeding 50 feet per mile except for one 200 foot 
stretch. Gradients from 20 to 80 feet per mile appear rather 
evenly distributed in both Hidden and One Shot creeks. About 
70 per cent of both streams fall within these limits. The 
proportions of each stream having slopes in excess of 80 feet 
per mile also agree closely (Table 16). 
Spatial Distribution of Spawning Fish 
The linear distance occupied by spawning fish in a 
stream may be placed on a density basis using redd counts as 
an index of spawning activity. Such an index was calculated 
for each original gradient survey section in all streams on 
an annual basis by summing the number of redd sites found in 
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each section during the entire spawning season and'then divid­
ing by the length of the section to arrive at a figure of 
redds per 100 feet. Admittedly, figures based on surveys 
made at intervals of less than a week or so include a source 
of error with regard to the actual number of redds present. 
Namely, the fact that some redds counted previously are 
tallied again on ensuing surveys. Assuming, however, that 
the proportion of redds recounted remains constant, such a 
source of error in no way invalidates the index system al­
though total redd counts obtained in this manner cannot be 
used for estimates of egg deposition or spawning success. 
The 1959 escapement of 4,558 spawners entering Hidden 
Creek concentrated 77 per cent of their spawning activity in 
only 43 per cent of the total stream length. Almost 25 per 
cent of the spawning occurred in less than 10 per cent of 
the stream (Table 11 and Figure 13). In i960.about the same 
total percentage of the stream was utilized by the 2,275 
fish entering to spawn. Densities were not as high as the 
previous year, reflected by the fact that fewer fish occupied 
about the same total amount of stream. Again, however, al­
most 35 per cent of the activity was restricted to just over 
12 per cent of the linear distance. The majority of the low 
run of 1,078 fish in 1961 only occupied 66 per cent of the 
stream and restricted the major portion of its spawning 
activity (72 per cent) to just 30 per cent of the stream. 
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Table il. Spatial distribution of spawning activity in 
Hidden Greek, Brooks Lake, Alaska, for the years 
1959, i960 and 1961 based upon an index of redds 
per 100 feet as determined by stream surveys 
Redds per 
100 feet 1959 I960 1961 1959 I960 1961 
Feet of stream Number of redds tallied 
0 
0-1 
1-10 
11-24 
25-50 
50+ 
1680 
2828 
2883 
448? 
1118 
1455 
1695 
8228 
1618 
2930 
1582 
4615 
3869 
174 
493 
1547 
711 
8 
347 
189 
8 
234 
617 
Per cent of stream Per cent of redds tallied 
0 
0-1 
1-10 
11-24 
25-50 
50+ 
12.9 
21.8 
22 .2  
34.5 
8.6 
11.2 
13.0 
63.3 
12.5 
22.5 
12.2 
35.5 
29.8  
5.9 
16.9 
52.9 
24.3 
1.5 
63.8 
34.7 
1.9 
26.3 
71.8 
Stream survey counts indicate that the i960 run into 
Up-A-Tree Creek was the largest in the three years covered by 
the study (Table 12). Distributions based upon the redd in­
dex confirm these data. In this year fish occupied a rela­
tively larger proportion of the stream. Many spawners 
selected sites at suitable points in the normally little-
utilized upper reaches. Over 90 per cent of the spawning 
activity occurred in about 67 per cent of the stream's length 
(Table 13 and Figure 14). Whereas in 1959, 90 per cent of 
the activity was recorded in only 40 per cent of the stream's 
Figure 13. Spatial distribution of sockeye salmon 
spawning activity in Hidden Creek, Brooks 
Lake, Alaska, for the years 1959, i960 
and 1961 
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Table 12. Highest number of fish recorded on a single 
stream survey in Up-A-Tree Creek during 1959# 
1960 and 1961 and total count through weir in 
1961 (in parenthesis) 
Year Count 
1959 542 
1960 1,334 
1961 653 (832) 
Table 13. Spatial distribution of spawning activity in 
Up-A-Tree Creek, Brooks Lake, Alaska, for the 
years 1959, i960 and 1961 based upon an index 
of redds per 100 feet as determined by stream 
surveys 
Redds per 
100 feet 1959 i960 1961 1959 i960 1961 
Feet of stream Number of redds tallied 
0 
0-1 
1-5 
5-10 
10+ 
8562 
5616 
4904 
4438 
204 
4358 
3367 
14121 
1674 
204 
9904 
6177 
6939 
704 
38 
144 
316 
32 
18 
383 
28 
29 
127 
43 
Per cent of stream Per cent of redds tallied 
0 
0-1 
1-5 
5-10 
10+ 
36.1 
23.7 
20.7 
18.7 
0.8  
18.4 
14.2 
59.5 
7.1 
0 . 8  
41.7 
26.0 
29.3 
3.0 
7.2 
27 .2  
59.6 
6.0 
3.4 
72.5 
18.8 
5-3 
14.6 
63.8 
21.6 
Figure À. Spatial distribution of sockeye salmon 
spavming activity in Up-A-Tree Creek, 
Brooks Lake, Alaska, for the years 1959, 
i960 and I96I 
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length and in 1961 at least 80 per cent of the activity 
occurred in just over 30 per cent of the stream. In i960 
many more fish were observed spawning in the upper areas of 
the stream than in 1959 or 1961 (Appendix A). It appears -
reasonably certain, on the basis of survey records, that the 
i960 run was twice as large as either the 1959 or 1961 
escapements. 
The fact that almost the same number of redd sites was 
recorded for 1959 and i960 (530 and 528 respectively) does 
not support the assumption that the i960 run was twice as 
large. However, this similarity in redd counts stems from 
a difference in stream survey scheduling between the two 
years and does not truly represent the numerical difference 
that existed between the two spawning populations. In 1959 
the stream was surveyed three times at weekly intervals be­
ginning soon after the first fish ascended the creek, thus 
covering the height of the spawning activity and providing 
nearly a maximum redd count. In i960, however, the first two 
surveys were made only 5 days apart and the third survey was 
not conducted until 13 days later, when only 176 live fish 
were observed in the entire stream. A stream survey con­
ducted a week or so earlier undoubtedly would have yielded a 
higher redd count thus giving a more representative compari­
son between the two years with regard to total redds tallied. 
Other personnel commitments prohibited the establishment of 
a rigid stream survey schedule at Brooks Lake. 
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About the same amount of One Shot Creek remained un­
utilized by spawning fish for all three years of the study. 
During this time approximately 50 per cent of the stream con­
tained over 90 per cent of the spawning activity (Table 14 
and Figure 15). The 1961 run concentrated 77 per cent of 
its spawning in 33 per cent of the stream. Stream survey 
records indicate that no great variations occurred in numbers 
of spawners throughout the study (Table 15). 
Distribution of Spawning Fish Along Gradient 
There are several references concerning the effects of 
gradient upon the distribution of lotie fish populations 
(Burton and Odum, 1945; Hobbs, 1940; Huet, 1949# 1959; Shel-
ford, I9H; Stuart, 1953b; Trautman, 1942, 1957; Ward, 1921b). 
On the other hand, Cope (1957) believed that stream gradient 
had no effect on the choice of spawning sites by cutthroat 
trout. Either directly or indirectly, however, gradient 
affects several factors that bear upon the distribution of 
spawning sockeye salmon. Gradient influences water velocity 
(Gilluly, Waters and Woodford, 1959; Leopold and Maddock, 
1953). Water velocity, in turn, governs to a large extent 
the deposition and. composition of fluvial gravels (Hjulstrôm, 
1939; Krumbein and PettiJohn, 1938; Krumbein and Sloss, 1951; 
Rubey, 1938). The gradient data on hand for each stream 
made feasible a study of spawning activity with regard 
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Table 14. Spatial distribution of spawning activity in 
One Shot Creek, Brooks take, Alaska for the years 
1959, i960 and 1961 based upon an index of redds 
per 100 feet as determined by stream surveys 
Redds per 
100 feet 1959 I960 1961 1959 I960 1961 
Feet of stream Number of redds tallied 
0 2289 2334 2901 — —  —  —  —  
0-1 3929 3298 5413 17 15 26 
1-5 4364 6104 4137 125 125 86 
5+ 1869 715 — — — — 164 51 — — — — 
Per cent of stream Per cent of redds tallied 
0 18.4 18.7 23.3 mm m mm e* mm mm mm mm mm 
0-1 31.6 26.5 43.5 5.6 7.9 23.2 
1-5 35.0 49.1 33.2 40.8 65.4 76.8 
5+ 15.0 5.7 —  —  — —  53.6 26.7 — — — — 
Table 15. Highest number of fish recorded on a single 
stream survey in One Shot Creek during 1959# 
1960 and 1961 and total count through weir in 
1961 (in parenthesis) 
Year Count 
1959 246 
i960 269 
1961 221 (305) 
Figure 15. Spatial distribution of sockeye salmon 
spawning activity in One Shot Creek, 
Brooks Lake, Alaska, for the years 1959, 
i960 and 1961 
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to possible gradient preference. 
Results of the gradient surveys by individual gradient 
survey section appear for each stream in Appendix B. Each 
stream was divided arbitrarily into gradient classes having 
a 10 foot drop per mile interval. The amount of stream in 
linear feet and per cent of total distance was determined for 
all gradient classes represented in each creek (Tables 16, 
17 and 18). The lengths of stream apportioned into each 
gradient class correspond to the spawning survey sections, 
previously discussed, and their accompanying gradients as 
determined by the original stream gradient surveys made in 
1959. In interpreting the data it must be recognized that 
inconsistencies in general gradients for each section some­
times arise because all survey sections are not of equal 
length or of similar character throughout their length. 
Short, abrupt gradient changes due to old beaver dams, fallen 
timbers, etc., may increase the otherwise low gradient of a 
particular section. Such variations in micro-gradient 
occurring within sections influence spawning distribution to 
some extent but it would be impractical to attempt to account 
for each such variation. Consequently, entire survey sections 
are assumed to have the same gradient throughout for the 
purposes of this study. Therefore any realistic interpreta­
tion. of the influence of gradient upon spawning distribution 
must also depend upon a physical description of the area in 
question as well. 
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Table lb. Distribution of spawning sockeye salmon with re­
gard to gradient in Hidden Creek, Brooks Lake, 
Alaska during the 1959, i960 and 1961 spawning 
seasons 
Per cent total 
Gradient class Gradient class Per cent total redds in each 
(feet per (per cent stream length gradient class 
mile) grade) in class 1959 i960 1961 
0 - 10 0 - 0.19 5.8 _ _ _ _  _ _ _ _  
10 - 20 0.20 - 0.38 3.2 — — — — — — — — — — — — 
20 - 30 0.39 - 0.57 4.7 0.9 0.2 0.3 
30 - 40 0.58 - 0.76 11.9 21.0 5.2 15.5 
40 - 50 0.77 " 0.95 10.5 14.8 11.9 10.6 
50 - 60 0.96 - 1.14 10.6 6.8 23.3 7.6 
60 - 70 1.15 - 1.33 6.9 ll.l 11.2 15.8 
70 - 80 1.34 - 1.51 29.2 29.0 32.9 32.9 
80 - 90 1.52 - 1.70 7.6 10.7 7.9 10.5 
90 - 100 1.71 - 1.89 5.6 3.7 4.1 3.9 
100+ 1.90+ 4.0 2.0 3.3 2.9 
100.0 100.0 100.0 100.0 
The distribution of spawning sockeye salmon with regard 
to gradient has been recorded for all three years of the 
study. Again, redd counts serve as the best measure of 
spawning activity. Thus, the following tables give gradient 
classes in drop in feet per mile and per cent grade, corres­
ponding stream length in each grade class and the per cent 
of total redds observed that fell within each gradient class 
during the 1959, i960 and 1961 spawning seasons as deter­
mined by the spawning surveys (Tables 16, 17 and 18). 
The evidence indicates that Hidden Creek salmon distri­
buted their spawning activities in response to a certain 
log 
Table 17. Distribution of spawning sockeye salmon with re­
gard to gradient in Up-A-Tree Creek, Brooks Lake, 
Alaska during the 1959, i960 and I96I spawning 
seasons 
Per cent total 
Gradient class Gradient class Per cent total redds in each 
(feet per (per cent stream length gradient class 
mile) grade) in class 1959 i960 1961 
0 - 10 0 -  0.19 10.7 3.8 
10 - 20 0.20 -  0.38 37.0 8.3 26.4 57.3 
20 - 30 0.39 - 0.57 18.6 26.2 30.3 22.1 
30 - 40 0.58 -  0.76 11.1 12.4 10.2 5.0 
40 - 50 0.77 -  0.95 21.8 53.1 29.3 15.6 
50 - 60 O .96 - 1.14 — — — — — — — — —  —  — —  
60 
-70 1.15 -  1.33 0.8 — — — — — — — — —  —  —  —  
100.0 100.0 100.0 100.0 
gradient range rather than merely indiscriminately occupying 
all gradient classes in proportion to the amount of linear 
distance comprised by each class (Table 16). The null 
hypothesis that spawning activity was directly proportional 
to the linear distance available in each gradient class was 
subjected to a chi square test with a selected probability 
level of 95 per cent (Snedecor, 1956). Disregarding the 
first two gradient classes in which no spawning occurred, 
expected values were taken from column three (per cent of 
total stream length in gradient class) and tested against 
the per cent of total redds tallied in each gradient class 
for 1959# i960 and 1961 (Table 16). In each year the calcu­
lated chi square value exceeded the tabular value and the 
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null hypothesis was rejected. 
Thus, between 40 and 48 per cent of the spawning 
activity fell within the 60-80 foot gradient class (36 per 
cent of the stream length) in all three years and over 80 
per cent of the spawning occurred in the 30-80 foot gradient 
class (69 per cent of the total stream length) during the 
same period. Within this range, however, spawning distribu­
tions do not appear to vary greatly between gradient classes 
from year to year. The major exception occurs in the i960 
data for the 30-40 and 50-60 foot per mile classes. This 
disparity results from a difference in spatial distribution. 
The 30-40 foot gradient class contains sections lying only 
in the lower spawning reach above the first meadow. In i960 
this area was almost completely bypassed by the majority of 
spawners for some yet unexplained reason. Moreover, in the 
same year a large number of fish concentrated their spawning 
activity in an upstream area falling in the 50-60 foot 
gradient bracket. This shift in spatial distribution during 
i960 thus becomes reflected in the distribution with regard 
to gradient during the same year. 
Less than one per cent of Up-A-Tree Creek has a gradient 
exceeding a fall of 50 feet per mile. Consequently, spawning 
salmon must select sites in areas of relatively low gradient. 
In 1959 the pattern of distribution clearly showed a prefer­
ence for the highest gradient available (Table 17). Again, 
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the null hypothesis that spawning fish were distributed in 
direct proportion to the amount of stream available in each 
gradient class was subjected, by year, to a chi square test. 
In each case, as in Hidden Creek, the null hypothesis was 
rejected. The i960 run, largest of the study, spread into 
areas of lower gradient but still restricted 70 per cent of 
its activity to the-20-50 foot_gradient bracket. The small 
run of 1961, however, apparently sacrificed the search for 
higher gradients in favor of a more moderate slope lying 
mainly in a restricted area of 5,950 feet, upstream a dis­
tance of over 10,000 feet from the creek mouth. The 40-50 
foot grade division so heavily utilized by 1959 spawner s_ 
lies mainly within the first 7,000 feet of stream above the 
mouth. 
The reason for this difference in distribution between 
1961 and the other two years remains obscure. On July 30, 
1961 a freshet raised the creek level over 2 feet. This 
spate coincided with the ascent of the major portion of the 
1961 run and, although water levels dropped somewhat there­
after, observations made throughout the remainder of the 
season indicate that the stream maintained water levels 
higher than those occurring during most of the 1959 and i960 
spawning seasons. These increased water levels may have 
enhanced the upper reach as a*spawning area by partially 
mitigating factors associated with the lowfer gradient. 
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Table 18. Distribution of spawning sockeye salmon with re­
gard to gradient in One Shot Creek, Brooks Lake, 
Alaska during the 1959# i960 and 1961 spawning 
seasons 
Per cent total 
Gradient class Gradient class Per cent total redds in each 
(feet per (per cent stream length gradient class 
mile) grade) in class 1959 i960 1961 
10 - 20 0.20 - 0.38 6.9 4.6 4.5 6.2 
20 - 30 0.39 - 0.57 12.4 15.0 16.9 16.9 
30 - 40 O.58 - 0.76 14.5 9.5 12.4 7.1 
40 - 50 0.77 - 0.95 8.6 10.4 10.6 15.3 
50 - 60 O.96 - 1.14 9.2 26.9 16.4 15.2 
60 - 70 1.15 - 1.33 7.6 11.4 7.1 16.1 
70 - 80 1.34 - 1.51 19.4 7.5 15.9 4.5 
80 - 90 1.52 - 1.70 6.9 9.8 10.4 11.6 
90 - 100 1.71 - 1.89 4.4 1.6 3.5 5.3 
100+ 1.90+ 10.1 3.3 2.3 1.8 
100.0 100.0 100.0 100.0 
The numbers of spawning fish entering One Shot Creek 
appear to have remained fairly constant during the study. 
Their distribution with regard to gradient shows no marked 
variation in the three years (Table 18). Chi square tests 
indicate, as in the other two streams, that spawning activity 
was not distributed in direct proportion to the percentage of 
stream available within each gradient class. During the 
three years 60 to 75 per cent of all spawning occurred in 
the 52 per cent of the stream falling within the gradient 
classes lying between 20 and JO feet per mile. The 40 per 
cent of stream having a fall of more than 70 feet per mile 
accounted for over 25 per cent of the spawning in only 
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one year, i960. 
The distribution of spawning salmon only reflects dif­
ferences in stream gradient within relatively wide limits. 
Preference for spawning sites is governed more directly by 
gravel composition. The role played by gradient is second­
ary because a wide range of gradients provides hydrological 
conditions favorable for the deposition of acceptable gravels; 
upper and lower limits seem poorly defined when spawning 
distributions are compared between years and streams (Tables 
16, 17 and 18). 
Hidden Creek offers the widest range of available gra­
dients (Table 16). Up-A-Tree Creek has no high gradient 
reaches and less than 10 per cent of One Shot Creek has a 
gradient below 20 feet per mile (Tables 17 and 18). In the 
stream having the widest range of conditions, Hidden Creek, 
spawning activity drops off abruptly in reaches having a 
gradient of less than 30 feet per mile. The bulk of the 
spawning occurs in areas having gradients of 30 to 80 feet 
per mile. Above this point spawning activity falls off 
again, but not as abruptly as at the lower gradient limit 
(Table 16). In the stream offering only moderate to low 
gradient spawning areas, Up-A-Tree Creek, lower gradients 
become quite acceptable while the highest gradients avail­
able are also utilized (Table 17). One Shot Creek data only 
indicate a possible drop in spawning activity in low gradient 
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reaches because the lowest gradients are entirely lacking in 
this stream (Table 18). Like Hidden Creek, One Shot Creek 
spawning activity also falls off in reaches having gradients 
above 80 feet per mile. Again, the reduction is gradual. 
Observations made in the Karluk Lake laterals described 
later indicate that sockeye salmon will tolerate even higher 
gradients and coarser gravels if such conditions prevail in 
the only available spawning areas. 
It would appear, then, that lower limits of tolerance 
may be better defined than upper limits with regard to gra­
dient and subsequent gravel composition. Sockeye salmon seem 
more often to reject gravels whose composition includes a 
preponderance of fine material than gravels having a high 
percentage of large particles. This fact would account for 
the more gradual reduction in activity with increasingly 
steeper gradients. Even steep reaches often possess local 
areas of micro-gradient suitable for gravel deposition or 
have boulders downstream from which small pockets of gravel 
-collect that afford acceptable spawning sites in isolated 
locations. Any further attempt to refine our measurements of 
these tolerances will require detailed observations over a 
much wider range of escapement levels and water conditions 
than those encountered during the present study. Experimental 
studies using artificial spawning channels offering a 
variety of conditions may also prove enlightening. 
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STUDY AREAS 
As we have already seen, spawning sockeye salmon did not 
distribute evenly throughout any of the lateral streams 
studied. A preliminary plot of the 1959 spawning data by 
survey section at the end of the season showed marked varia­
tion in distribution. Therefore, several survey sections 
displaying either high or low spawning densities in 1959 
were selected in each stream for future study. These study 
areas served as collection points for more detailed data on 
refuge cover, pool-riffle ratios, gravel samples and hydro-
logical data for comparisons between areas of high and low 
spawning density. They also provided a direct check on dif­
ferences in gravel composition between different gradients. 
Selection of Areas 
These study areas were chosen solely on the basis of 
spawning densities computed for each section based on an in­
dex figure of the seasonal total of redds per 100 feet as 
determined by the 1959 spawning surveys. Each study area 
was selected without reference to its gradient or other 
physical characteristics, the objective being to determine 
physical differences between areas that might be associated 
with the varying spawning densities already noted. One 
exception was made in choosing a low gradient area when it 
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was realized that the selected sections did not include this 
environmental type. Little utilized areas were chosen that 
either fell between areas of high spawning concentration or 
that were located where large numbers of salmon had to pass 
through to reach "preferred." sites. Study areas having a 
large number of spawners were selected in locations that per­
mitted ample numbers of fish to either select sites within 
the area or pass upstream to other known spawning locations. 
Thus, no study area was chosen that might either be avoided 
or selected by spawning salmon due solely to spatial loca­
tion. Despite variations in spawning distribution in later 
years, the study areas selected in 1959 and i960 seemed to 
fulfill the above conditions throughout the investigation and 
these areas may be considered representative of similar 
reaches normally utilized or avoided by spawning salmon with 
regard to the characteristics recorded. 
Two areas of high spawning concentration were selected 
for study in Hidden Creek, one in the lower spawning reach 
3,535 feet upstream from the mouth and another in the upper 
spawning area, 12,000 feet upstream. These two areas were 
designated as Survey Section 9 and 33 during the initial 
gradient survey made in 1959 (Appendix B). One high density 
area was chosen in Up-A-Tree Creek, Survey Section 17, 7,012 
feet upstream from the mouth and one area in One Shot Creek, 
Survey Section 4, 1,206 feet upstream. 
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One low density spawning area selected for study fell 
in a high gradient section in each stream. Consequently, a 
single low gradient area in which salmon did not spawn dur­
ing the three years of the study was chosen in lower Hidden 
Creek (Survey Section 2) for comparative purposes. The high 
gradient area selected in Up-A-Tree Creek (Survey Section 
15) lies 5,662 feet upstream from the mouth of the creek; 
the high gradient area (Survey Section 8) in One Shot Creek 
begins 2,978 feet upstream and Survey Section 24 in Hidden 
Creek 7>930 feet upstream. The low gradient area in the 
same stream begins just 758 feet above the mouth of the 
creek. 
Refuge Cover in High and Low Density Areas 
Escape and refuge cover exists primarily as undercut 
banks in the high density spawning areas. Occasionally a 
deep pool (2-3 feet ) with overhanging brush and trees serves 
as a refuge point. Such pools, however, are rare. Hidden 
Creek, Section 9, and One Shot Creek, Section 4, provide 
some concealment adjacent to about half of their total spawn­
ing area. Cover in the other high density areas is limited 
to undercutting at a few points along the sections. 
Among the low density spawning areas, refuge cover is 
practically non-existent in Section 24 of Hidden Creek but 
Section 2 in the same stream offers admirable holding and 
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refuge conditions. Deep pools lie along each outer bend and 
attendant undercutting of the heavily sodded banks affords 
additional concealment. In the Up-A-Tree low density area 
moderate undercutting and three poorly-defined pools having 
swift current provide only limited cover. Section 8 of One 
Shot Creek offers little in the way of refuge cover for 
adult salmon. No marked contrasts occur between high and low 
density study areas with regard to refuge cover. 
Pool-riffle Ratio in High and Low Density Areas 
Riffles comprise about 70 per cent of the available spawn­
ing area utilized in each of the high spawning density study 
areas. For the most part pools in these areas are poorly 
defined with much current. In Brooks Lake laterals the 
classic "tail-of-the-pool" spawning areas so frequently 
selected by salmonids for redd sites are more than matched 
in importance by the intervening riffle sites. 
Pool-riffle ratios in the low density areas do not 
differ significantly from those in the high density areas 
just described. The entire reach of Section 24 in Hidden 
Creek is a shallow, broken riffle with no defined pools. 
The low gradient Section 2 in the same stream is comprised 
of a series of short, shallow, unbroken riffles (40 per 
cent) connecting deep, poorly-defined pools lying at each 
outer bend of the sream. Three poorly-defined pools having 
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swift current comprise less than 30 per cent of the Up-A-
Tree low density spawning area. The riffles connecting these 
pools are shallow with alternating broken and unbroken water. 
Another interesting feature is that the bottom gravels of 
this area are firmly cemented together with fines and can be 
disturbed by a shovel only with great effort. Poorly-
defined pools having very swift currents comprise about 20 
per cent of the One Shot Creek high gradient study area, 
Section 8. The remaining portion consists largely of steep, 
white water riffles flowing over large rocks and boulders 
interspersed with shallower, broken riffles flowing over 
rubble for the most part greater than 3-4 inches in diameter. 
Gradients in High and Low Density Areas 
Gradients in high density spawning areas vary from a 
low of 22 feet per mile in Up-A-Tree Creek, Section 17, to a 
high of 54 feet per mile in the upper study area of Hidden 
Creek (Table 19). In low density study areas gradients vary 
from a low of only 15 feet per mile in Section 2, Hidden 
Creek, to a high of 105 feet per mile in Section 24 of the 
same stream (Table 20). The 96 feet per mile gradient of 
Section 8, One Shot Creek, represents the high gradients 
typical of much of this stream. 
Definite differences in gradient do exist between the 
areas. High spawning density sections possess intermediate 
120 
Table 19. Several features of high density spawning areas 
studied in Hidden, Up-A-Tree and One Shot creeks, 
Brooks Lake, Alaska during 1959, I960 and 1961. 
Hydrological data for i960 only 
Feature Hidden Creek Up-A-Tree One Shot 
measured Section 9 Section 33 Section 17 Section 4 
Length in feet 312 785 204 432 
Average width in 
feet 
9.8 10.3 10. 0 13. 7 
Average depth in 
feet 
0.57 0.71 0. 82 1. 14 
Average water 
velocity in 
feet per second 
1.93 1.47 1. 17 1. 14 
Average volume of 
flow in cubic 
feet per second 
9.38 10.83 10. 20 13. 25 
Gradient in feet 
per mile 
34.69 54.68 22. 00 51. 09 
Spawning density 
in redds per 
100 feet 
1959 
1960 
1961 
71.0 
2.2 
18.0 
6.5 
11.7 
0.0 
15. 
13. 
7-
7 
7 
8 
12. 
6. 
3. 
8 
4 
0 
gradients while low density areas are characterized by ex­
tremes in gradient, except for Section 15 in Up-A-Tree Creek. 
While not particularly high, the drop of 44 feet per mile in 
this section approaches the upper limits found in Up-A-Tree 
Creek. Moreover, bottom conditions in this section appear 
generally unsuitable for spawning due to compaction. 
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Table 20. Several features of low density spawning areas 
studied in Hidden, Up-A-Tree and One Shot creeks, 
Brooks Lake, Alaska during 1959# 19*60 and 1961. 
Hydrologlcal data for i960 only 
Feature 
measured 
Hidden 
Section 24 
Creek 
Section 2 
Up-A-Tree 
Section 15 
One Shot 
Section 8 
Length in feet 180 416 329 415 
Average width in 
feet 
11.2 . 9-7 12.5 11.7 
Average depth in 
feet 
0.44 0.94 0.70 0.93 
Average water 
velocity in 
feet per second 
2.29 1.28 1.55 1.77 
Average volume of 
flow in cubic 
feet per second 
8.75 9.92 11.09 15.62 
Gradient in feet 
per mile 
105.6 15.0 44.1 96.3 
Spawning density 
in redds per 
100 feet 
1959 
1960 
1961 
6.1 
1:1 00
0
 
b
o
o
 
0.9 
2.3 
0.0 
0.5 
1.7 
0.9 
Other Hydrologlcal Features in High and Low 
Density Areas 
Additional hydrologlcal and physical measurements were 
taken for each study area (Tables 19 and 20). Depending upon 
the length of the section, from three to five transects were 
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laid out across the stream about equidistant from each 
other. Water velocities were computed using a Gurley 
impel1er-type current meter. All velocity measurements were 
taken at 0.4 feet above the stream bed, described as "fish 
depth" for Pacific salmon by Chambers and coworkers (1954). 
Depths and velocities were measured at one foot intervals 
along the stream cross-section and volume of flow figures 
were computed from these data. 
Hydrological measurements are based on one series of 
data only. The figures reflect conditions just prior to the 
ascent of the i960 spawning runs into the streams. Although 
pronounced fluctuations in hydrology occur at times during 
the spawning season as a result of heavy rains, such changes 
are seldom of long duration. The hydrological data collected 
during this study are too limited for any critical analysis 
of differences existing between areas. Future work on these 
streams must include some method for the continuous col­
lection of water level and water volume data. 
Chambers et al. (1954, 1955) found the mean water veloc­
ity over sockeye spawning areas in four upper Columbia River 
tributaries to be about 1.75 feet per second with a range of 
1.25 to 2.50 feet per second. Delisle (1962) noted that 
kokanee spawned in water velocities varying from 1.50 to 2.15 
feet per second. He observed that velocities of 2.20 feet per 
second and above were avoided. Chambers (1954, 1955) 
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states that water depths ranged from 0.75 to 2.25 feet over 
sockeye spawning riffles investigated in the upper Columbia 
River watershed. Chambers suggests that water velocity is 
the initial influence in selection of a spawning site and 
that depth is of secondary importance. 
The above figures are presented merely to give an 
approximate range of values found by other biologists. Al­
though changes' in water conditions have not been recorded in 
sufficient detail to evaluate all variations in hydrology 
occurring during this study, it would seem that values may 
be somewhat lower in the lateral streams at Brooks Lake than 
those presented by Chambers. Water velocities in the high 
density spawning areas average 1.42 feet per second with a 
range of 1.14 to 1.93 feet per second (Table 19). In the 
high gradient, low density spawning areas velocities ranged 
from 1.55 to 2.29 feet per second with an average of 1.87 
feet per second (Table 20). The single area of low gradient 
and no spawning had a water velocity of 1.28 feet per 
second. Water depths overlapped even more ; high density 
areas averaged O.Bl feet and low density areas 0.75 feet 
(Tables 19 and 20). 
Combining the data in this manner tends to obscure the 
complicating factor of availability. Any population of 
spawning salmon entering a particular stream to which it has 
become adapted will be limited in the depths and velocities 
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in which it spawns by the range of these variables present 
over suitable spawning gravels. Suitable spawning gravels, 
in large part, are determined by hydrological conditions as 
influenced by gradient. 
Gravel Composition of High and Low Density Areas 
Because experiments cited earlier indicate that visual 
characteristics are of primary consideration in selection of 
gravels for spawning sites, sampling was confined to the 
surface gravels of the stream bottom. From six to nine 
gravel samples were collected in each study area. The 
samples were chosen randomly, being about equally divided 
between pool tails (when present) and riffles. At each 
sample site the top 6 to 8 inches of gravel was shoveled 
from an area of 4 square feet. Each sample was then placed 
in a cotton soil sample bag and labeled. 
Gravels collected from Washington streams and analyzed 
by Chambers and coworkers (1955) were weighed wet after being 
shaken and washed through screens of varying mesh sizes. 
McNeil and Ahnell (i960) developed a volumetric method of 
measuring gravel composition in the field that was suitable 
for the smaller gravels of southeastern Alaska's pink salmon 
streams. Due to the relative inaccessibility of sampling 
sites and to the large gravel sizes encountered neither 
method could be applied at Brooks Lake. Satisfactory results 
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were obtained, however, by following the procedures outlined 
by Spangler (19^9, 1951) and the American Society for Test­
ing Materials (1958). 
Upon return to the laboratory, the samples were air-
dried after washing the contents of each bag into individual 
5-gallon tins. Each air-dried sample was then separated 
into ten size classes by passing the sample through a series 
of square-meshed 8-inch U.S. Standard sieves (Figure 16 and 
Table 21). Each sample was shaken for 10 minutes using a 
hand-powered portable sieve shaker (Figure 8). The materials 
retained on each sieve were then weighed to the nearest gram 
on a triple beam trip scale. 
The grading characteristics of gravels are commonly 
represented graphically by means of a particle size distri­
bution curve. Such a curve is drawn on a semi-logarithmic 
graph sheet with the particle sizes plotted as abscissas on 
the logarithmic scale and the percentage smaller than each 
particle size (per cent passing) as ordinates on the 
arithmetic scale. The shape of such a curve shows at a 
glance the general grading characteristics of the gravel 
sample (Figure 17). The particle size distribution curve 
obtained by this procedure may be thought of an an arbitrary 
division of a continuous scale of sizes, such that each 
scale unit or grade may serve as a convenient class interval 
for conducting the analysis or for expressing the results of 
Figure l6a. Gravel sample from One Shot Creek, Section 
8, a high gradient area with a low spawning 
density. Note the large rubble and few 
gravels of intermediate or small size. 
3-inch sieve in lower left, No. 200 sieve 
in upper right 
Figure 16b. Gravel, sample from Hidden Creek, Section 9, 
a moderate gradient area with high spawning 
density. Note the uniform distribution of 
the gravels. Sieves are arranged as in 16a 
Figure l6c. Gravel sample from Hidden Creek, Section 2, 
a low gradient area with no spawning activity. 
Note the lack of large and intermediate 
gravels and high proportion of small gravels 
and coarse sand. Sieves are arranged as in 
l6a 
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Table 21. Sieve sizes and their equivalent mesh openings 
in inches of the 10 U.S. Standard sieves used 
in the mechanical analyses of the gravel samples 
collected in this study 
Sieve size Sieve opening in inches 
3" 3.00 
2" 2.00 
1-1/2" 1.50 
1" 1.00 
3/4"- 0.75 
1/2" Q.50 
No. 4 0.187 
No. 10 0.0787 
No. 40 0.0165 
No. 200 0.0029 
the analysis. Recognition that any gravel sample is really a 
continuous size frequency distribution of particles permits 
the class intervals used in the actual analysis to be so 
chosen that they bring out most clearly the characteristics 
of the distribution itself. The 10 sieve sizes used in this 
study appear in Table 21. 
In fluvial gravels greater real differences between 
areas seem to occur in the larger particle ranges. Thus 
particles retained by the larger sieve sizes reflect the 
differences in gravel composition of greatest interest in 
the study of site selection. These differences may readily 
be observed by comparing particle size distribution curves. 
A cumulative distribution curve was derived for each study 
area by summing the weights retained by each sieve size in 
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all samples collected from the area before calculating the 
per cent passing each sieve size by weight. These cumula­
tive distribution curves have been used to compare the grad­
ing characteristics of gravels between study areas. 
Cumulative distribution curves based on percentages 
passing each sieve by weight are presented for each high 
density spawning area in Figure 17. Inspection of these 
curves discloses that the gravel composition of Section 33 
in Hidden Creek and the One Shot and Up-A-Tree high density 
spawning areas are quite similar (see Appendix C for detailed 
analyses of gravel composition). The only difference between 
these three areas appears in the slightly higher percentage 
of finer gravels in the Up-A-Tree area. Section 9 in Hidden 
Creek has a slightly lower percentage of the larger gravels 
and a somewhat higher percentage of smaller particles as 
evidenced by the lateral shift of the composition curve 
toward the left. 
Cumulative curves for all low spawning density areas 
appear in Figure 18. Again, we can observe a close similar­
ity in composition between the One Shot and Up-A-Tree areas. 
One would expect the difference in gravel composition to be 
greater on the basis of gradient and water velocity differ­
ences. Actually, however, the similarity is not extra­
ordinary because the steepest, swiftest portions of the One 
Shot section are largely boulder-strewn and the gravel 
Figure 17. Cumulative particle distribution curves for gravel 
samples obtained from areas of intermediate gradients 
and high spawning densities in Hidden, Up-A-Tree and 
One Shot creeks, Brooks Lake, Alaska 
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Figure 18. Cumulative particle distribution curves for gravel samples 
collected from three areas of high gradients and low 
spawning densities and one area of low gradient and no 
spawning activity in Hidden, Up-A-Tree and One Shot 
creeks, Brooks Lake, Alaska 
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samples of necessity came from reaches within the section 
possessing the slightly lower micro-gradients and water 
velocities necessary for gravel accumulation. The curve for 
Section 24 of Hidden Creek indicates the presence of pro­
portionally somewhat smaller gravels even though both gra­
dient and water velocity figures exceed those values from 
other high gradient areas. The combined effect of low gra­
dient and low water velocity becomes well demonstrated in the 
distribution curve for Section 2, Hidden Creek. Less than 
25 per cent of the gravels were retained on sieves having an 
opening of 1/2 inch or larger (see Appendix C). 
It is in the gravel composition that we can note the 
most consistent patterns when comparing areas. Cumulative 
curves for all high density spawning areas approximate each 
other closely and differ greatly from those representing 
areas of low spawning density, regardless of their gradient. 
Less than 10 per cent by weight of the 29 gravel samples 
collected from high density spawning areas in Hidden, Up-A-
Tree and One Shot creeks contained particles exceeding 3 
inches in diameter when analyzed on a cumulative basis 
(Figure 19a). The range between study areas was from about 
2 to 12 per cent (Appendix C). In high gradient, low spawn­
ing density areas almost 40 per cent of the gravels exceeded 
3 inches in diameter with a range of from 24 to 44 per cent 
(Figure 19b). No particles greater than 3 inches in diameter 
Figure 19a. Cumulative gravel composition in per cent 
by weight of all high spawning density study 
areas in Hidden, Up-A-Tree and One Shot 
creeks, Brooks Lake, Alaska 
Figure 19b. Cumulative gravel composition in per cent by 
weight of all high gradient, low spawning 
density study areas in Hidden, Up-A-Tree and 
One Shot creeks, Brooks Lake, Alaska 
Figure 19c. Cumulative gravel composition in per cent by 
weight of the Hidden Creek low gradient 
study area in which no spawning occurred 
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occurred, in the Hidden Creek low gradient area having no 
spawning. The percentages by weight of gravels having a 
diameter of 1 to 3 inches were almost equal between the high 
density spawning areas and the high gradient, low density 
areas (Figures 19a and 19b). Only about 1 per cent of the 
gravels in the low gradient area exceeded 1 inch in diameter. 
Particles ranging from 1/2 to 1 inch in diameter comprised 
20 per cent of the high spawning density samples with a 
range of 14 to 22 per cent. In the high gradient, low spawn­
ing density areas only 8 per cent of the gravel composition 
fell in this range but 21 per cent of the low gradient 
gravels were comprised of particles 1/2 to 1 inch in diameter. 
Particles less than 1/2 inch in diameter displayed the 
greatest range. In the high density areas they comprised 26 
per cent of the total composition, in the high gradient 
areas only 8 per cent but in the low gradient area J8 per 
cent of the gravels were less than 1/2 inch in diameter. 
Sockeye salmon spawning in Brooks Lake lateral streams 
seemed to prefer gravels having a surface composition that 
contained less than 10 per cent by weight particles exceed­
ing 3 inches in diameter. Hydrological conditions producing 
such a distribution probably determine the remainder of the 
composition as pointed out previously. Where gradients are 
steeper, fewer small particles remain and the general 
composition favors the larger sizes. Thus, in preferred 
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areas, gravels from 1 to 3 inches in diameter comprised 
about 50 per cent of the bottom, gravels 1/2 to 1 inch about 
25 per cent and gravels less than 1/2 inch approximately 20 
per cent. In high gradient areas larger particles pre­
dominate and in low gradients smaller particles make up the 
bulk of the bottom material. 
Some Features of Other Spawning Habitats 
As a species the sockeye salmon is an adaptable spawner. 
Throughout its geographic range different races of this fish 
are found occupying a remarkably wide variety of spawning 
habitats in both lakes and flowing waters. Each population 
perpetuates itself under a somewhat different set of physical 
conditions. Sockeye salmon spawning in lateral streams 
located elsewhere than at Brooks Lake may utilize streams 
having much steeper gradients and larger gravels. The im­
portant spawning grounds in the rivers connecting lakes of 
the Naknek system present still another set of spawning con­
ditions. In order to understand the magnitude of variation 
more clearly, a high density spawning area in Brooks River 
and several lateral tributaries entering Karluk Lake warrant 
a brief description. 
Brooks River 
Brooks River, the only outlet of Brooks Lake, flows 
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approximately 8,000 feet before emptying into Naknek Lake, 
another sockeye salmon nursery lake in the Naknek River 
system (Figure 1). The gravels of connecting rivers, such 
as Brooks River, constitute a major segment of the spawning 
grounds in the Naknek River system and are important pro­
ducers of sockeye fry. During this study gravels were col­
lected from a 200-foot reach of river utilized heavily by 
spawning sockeyes and lying 2,100 feet downstream from" the 
outlet of Brooks Lake. Here the river averages slightly 
over 100 feet in width and from 1 to 2 feet in depth during 
the September and October spawning period, depending upon 
annual stage fluctuations in the lake above. Throughout the 
entire reach the water flows over rather uniform gravels, 
forming a well-defined, deep riffle with no broken water 
(Figure 20). The heaviest current follows the north bank 
where chest-high waders are normally required to navigate 
the stream. The river falls 11.6 feet per mile in this 
reach. While modest compared to the lateral stream gradients 
in high spawning density areas, Trautman (1957) considers 
such a gradient moderate to high for the width of the stream. 
Not one of eight gravel samples collected from a sockeye 
salmon spawning ground in Washington and analyzed by per cent 
weight contained any particles over 4 inches in diameter 
(Chambers et al., 1955). Gravels 2 to 4 inches in diameter 
were lacking in one sample, comprised less than 2 per cent 
Figure 20. The high density spawning area in Brooks 
River is located in a well-defined, deep 
riffle with no broken water. Here the river 
averages slightly over 100 feet in width and 
1 to 2 feet in depth, flowing over loosely 
compacted gravels of moderate size composition 
Figure 21. Riffles comprise over 70 per cent of the 
lower high density spawning area in Hidden 
Creek. Riffles such as this one comprise a 
major portion of the spawning grounds in the 
lateral stream system at Brooks Lake. A gravel 
sample taken from this high density study area 
(Section 9) shows the uniform distribution 
common to gravels in areas of moderate 
gradient (Figure l6b) 
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in three samples and varied from 12 to 14 per cent in the 
remainder. The 1/2 to 2 inch gravels predominated in each 
sample, comprising from 54 to 66 per cent. The 1/8 (ap­
proximately No. 4 sieve) to 1/2 inch size ranged from 22 to 
29 per cent. This distribution of particle sizes compares 
favorably with that obtained from Brooks River, a stream of 
comparable size (Figure 23a). 
Note that the cumulative gravel composition curve of the 
six samples collected from the Brooks River study area also 
approach the size distribution found in the high density 
lateral stream sections, particularly that of Hidden Creek, 
Section 9 (Figure 22). The Brooks River samples include a 
slightly higher proportion of gravels in the 1-1/2 inch to 
Number 4 sieve size range (Appendix C). More important to 
remember, however, is that while the gradient of Brooks 
River, Section 20, is lower than that of Hidden Creek, 
Section 2, the gravel composition curves do not begin to 
approach each other. This fact brings out the important 
interaction of volume of flow, stream width and gradient 
with regard to the size composition of deposited gravels. 
Both erosion of a stream bed and the subsequent deposi­
tion of particles torn from the bed depend upon the action 
of running water on the bed with water velocity being the 
dominant factor (Hjulstrom, 1939; Rubey, 1938). Particles 
will remain in motion as long as the velocity of the water 
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Is maintained. For gravel the ratio between eroding velocity 
and lowest transportation velocity seems to be about 1.4 to 
1, therefore erosion velocity must be decreased about 30 
per cent before deposition begins (Hjulstrom, 1939). Stream 
velocity varies as the square root of the product of the 
stream gradient times the quantity obtained by dividing the 
cross-sectional area of the stream by the wetted perimeter, 
all over a friction factor that is related, in part, to the 
roughness of the stream bed (Krumbein and Sloss, 1951): 
Gradient x Hydraulic radius 
Stream velocity = k 
Friction factor 
where "k" depends partly upon channel shape. Thus, a de­
crease in the numerical value of the stream gradient or of 
the hydraulic radius, or an increase in the value of the 
friction factor, causes a decrease in velocity and part of 
the load is deposited. 
The high density spawning area in Brooks River possesses 
a gravel composition somewhat similar to that found in thé 
high density spawning areas in the lateral tributaries but 
with proportionately more particles in the smaller size 
ranges. The tributary areas, however, possess gradients two 
to five times steeper (22-55 feet per mile) than the Brooks 
River area (11.6 feet per mile). Even the low gradient 
section in Hidden Creek (15 feet per mile) exceeded the 
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Brooks River area gradient referred to above, yet had a 
markedly higher percentage of fine particles (Figure 19c 
and Figure 23a). Here the answer lies not only in water 
velocity but in volume of flow as well. Water velocities 
were about 1 f.p.s. faster in Brooks River (2.3 f.p.s.) than 
the average for the lateral stream high density spawning 
areas (1.4 f.p.s.) based on one year's data only. Whereas, 
under normal flow conditions, the lateral streams average 
roughly 10 cubic feet per second, Brooks River may have a 
volume of flow 10 to 20 times greater. 
Discharge equals width x depth x velocity (Leopold and 
Maddock, 1953). Consequently, the Brooks River area, with a 
water velocity roughly a foot per second faster than in the 
lateral streams, a width 10 times as great and an average 
depty over twice as great, actually presents hydrological 
conditions similar to the much higher gradient lateral stream 
areas with regard to gravel deposition. This similarity is 
the reason that a large stream with low gradient may have a 
bottom composition similar to a small stream with high gra­
dient. The two habitats, though quite different superfi­
cially, each provide an environment within the limits of 
acceptability to spawning sockeye salmon. When attempting 
to assess the role played by water velocity in the distribu­
tion of spawning fish the question arises as to whether 
salmon prefer a certain water velocity range per se or the 
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resulting gravel composition when selecting a spawning 
site. 
Karluk Lake laterals 
In the summer of 1961 I visited the Karluk Lake system 
on Kodiak Island to make observations and obtain firsthand 
information concerning spawning conditions during the sockeye 
run into the Karluk Lake lateral stream system. Five major 
spawning streams were visited during the time spent at 
Karluk Lake. With few exceptions, 90 per cent of the spawn­
ing activity occurs in the first 2,000 feet of these creeks. 
This restricted distribution results from the general topo­
graphy of the Karluk Lake region. Except for the area about 
the outlet to Karluk River at the northwestern end of the 
lake, the lake shores rise abruptly toward the surrounding 
hills and the majority of the lateral streams merely drain 
these steep slopes or flow from narrow valleys and canyons 
lying between adjacent hills. The vegetation along the 
stream banks is dominated by grass, herbaceous plants, alder, 
some birch and willow interspersed with groves of cotton-
woods. The streams average less than 10 feet in width and 
seldom exceed 8 to 12 inches in depth. In fact, at many 
sites the water is too shallow to cover the backs of spawn­
ing sockeyes. 
Pools and other points of refuge are practically 
Figure 22. Cumulative particle distribution curves for gravel 
samples obtained from areas of high spawning concen­
tration in Brooks River and the two Karluk Lake 
lateral streams, Grassy Point and Meadow creeks 
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nonexistent. The lower reaches of these lateral streams 
consist of shallow, broken riffles strewn with large rocks. 
As one proceeds upstream, boulders increase in number and 
size until the entire stream becomes a cascade, tumbling 
down the hillside in a mountain torrent as gradients abruptly 
steepen. Gradients were determined for the lower portions of 
two lateral streams, Cascade Creek and Meadow Creek. The 
first 2,448 feet of Cascade Creek (to the upper limit of 
spawning) had a gradient of 157-9 feet per mile while the 
first 1,649 feet of Meadow Creek had a gradient of 124.3 
feet per mile. Visual observations lead me to believe that 
no other lateral stream I visited in the Karluk system had 
a gradient lower than that of Meadow Creek although lack of 
time prevented further surveying. 
Cumulative curves for 10 gravel samples collected from 
the area of active spawning in Meadow Creek and 8 samples 
from Grassy Point Creek show the coarse nature of the avail­
able gravels (Figures 23b and 23c). Although Meadow Creek 
contains more gravels in the coarser size ranges, the dis­
tribution of gravels passing the 1-inch sieve is quite 
similar to this portion of the cumulative curves for Brooks 
Lake lateral study areas of high spawning density (Figure 
22). The size composition of Grassy Point Creek gravels 
tends to exceed the low spawning density-high gradient areas 
in Brooks laterals with regard to particles greater than 3 
Figure 23a. Cumulative gravel composition in per cent 
by weight of the high spawning density study 
area in Brooks River, Alaska 
Figure 23b. Cumulative gravel composition in per cent 
by weight of the portion of stream used by 
spawning sockeye salmon in Grassy Point 
Creek, Karluk Lake, Alaska 
Figure 23c. Cumulative gravel composition in per cent 
by weight of the portion of stream used by 
spawning sockeye salmon in Meadow Creek, 
Karluk Lake, Alaska 
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inches in diameter but contains a slightly higher proportion 
of gravels in the 1 to 0.1-inch range (see Appendix C for 
detailed analyses). 
At many points spawning fish are restricted to the 
shallow pockets of gravel that accumulate in the downstream 
eddies formed below the larger boulders. In several streams 
the gravel particles consisted almost entirely of flat 
shale-like stones, apparently even further unsuited for the 
deposition of eggs. Closer observation disclosed the 
presence of small pockets of from 30 to over 100 dead and 
dying eggs lying in quiet backwaters behind a number of 
boulders in Grassy Point Creek. Such observations attest to 
the difficulty encountered by spawning fish when attempting 
to deposit their eggs in the limited gravel accumulations 
common to the swifter reaches of this stream. Here, too, 
superimposition may also be a factor in the displacement of 
spawn seeded by earlier arrivals. 
In spite of the seemingly adverse spawning conditions 
present, each of the major lateral streams in the Karluk 
system annually support individual runs of sockeye salmon 
larger than the highest run recorded for Hidden Creek dur­
ing this study. From 4,000 to 8,000 fish may spawn in the 
larger lateral tributaries each year according to Bureau of 
Commercial Fisheries personnel stationed at the Bureau's 
Karluk Lake laboratory. Whatever the factors may be that 
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enable these streams to support spawning runs of such mag­
nitude, the fact remains that the races entering these 
streams to spawn are adapted to a set of environmental con­
ditions markedly unlike those encountered in the lateral 
spawning tributaries of Brooks Lake. 
The study area in Brooks River contained proportionately 
more fine material than was found in the preferred lateral 
stream areas. On the other hand, salmon spawning in Karluk 
laterals were forced to select sites having a greater pro­
portion of large gravels. It readily becomes apparent that 
natural spawning grounds must, at best, be a compromise be­
tween stability and permeability (Neave,- 1958). If gravels 
are stable enough to fulfill the function of protecting 
eggs from dislodgement by floods they may very easily be­
come so compacted that they do not permit adequate sub-
gravel flow. Under natural conditions of salmon production, 
few areas of available gravels can be regarded as ideal sites 
for incubating salmon eggs. Comparative studies of egg-to-
fry survival with regard to gravel composition might show 
that certain spawning areas would profit by increased 
escapements. A higher spawning density, to a point, may 
insure higher gravel permeability due to the winnowing action 
resulting from redd construction. The increased fry survival 
obtained may more than offset any losses due to superimposi­
tion. Such a possibility is definitely one factor to be 
153 
considered when attempting to determine optimum escapements 
for various spawning populations. 
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BEAR PREDATION 
Magnitude and Duration 
Two factors make numerical evaluation of bear prédation 
quite difficult : the problem of obtaining an accurate count 
of the fish killed and the difficulty of acquiring an exact 
count of the number of bears responsible. Carcass counts 
tend to underestimate the kill because not all carcasses 
are tallied. Field observations tend to overestimate the 
number of bear present. Due to the habits of the animal, 
not many bears are observed during normal spawning survey 
work and untrained observers tend to over-estimate the num­
ber of bears fishing a stream when relying primarily on the 
abundance of "sign". There also seems to be an inherent 
human tendency to exaggerate when dealing with wild animals, 
especially large and potentially dangerous carnivores. 
The number of dead salmon attributed to bear prédation, 
the number of fish passed upstream through Hidden Creek weir 
and an estimate of the number of bear fishing the creek 
regularly throughout the season based on my own visual ob­
servations of individually different bear are presented for 
1959 and 1961 (Table 22). 
In 1959) 54 per cent of the salmon killed by bears were 
tallied in the uppermost 4,900 feet of stream, roughly the 
upstream half of the upper spawning area. In 1961, however, 
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Table 22. Total escapement, bear-killed salmon tallied and 
estimates of bear population for Hidden Creek, 
Brooks Lake, Alaska during the 1959 and 1961 
spawning seasons 
No. of days 
Escape­ Bear-killed Per cent No. of kills ex­
Year ment salmon of escape­ bear ceeded 50 
ment killed fish per day 
1959 4,558 1,319 28.9 6 15 
1961 1»087 872 80.2 4 7 
only 22 per cent of the kills were recorded in this area. 
Conversely, in 1959 only about 7 per cent of the kills 
occurred in the lower spawning area, including the unpro­
ductive first beaver meadow just above the mouth of the stream. 
In 1961 the fish in this area contributed 31 per cent of the 
total kill (Figure 24). 
In both years' a lag occurred between the time fish 
entered the creek and the time bears began taking appreciable 
numbers of fish (over 50 kills per stream survey). In 1959 
the lag was 4 days and in 1961, 8 days. The majority of 
kills first occurred in the upper portion of the stream in 
both years. Apparently bears move down onto the creek from 
the hills surrounding the headwater regions where they spend 
the earlier part of the summer. Once commenced, however, 
predator activity remained at a relatively constant level 
until most of the fish either died naturally or had been 
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killed (Appendix D). 
It seems probable that the density of the spawning popu­
lation may govern to a great extent the lengths to which a 
fishing bear will go to capture his prey. In years of large 
runs bears seldom have to search diligently for a meal. That 
they can do so if required is evidenced by the fact that at 
least 872 of the 1,087 fish entering Hidden Creek in 1961 
fell victim to bear prédation. In 1959, however, 4,588 
salmon entered the creek and 1,319 were recorded as having 
been killed by bear. The 1961 run would have had the better 
chance, proportionally, to utilize the available cover, yet 
bear took a higher percentage of this run than of the 1959 
run. The usual role played by cover in the carrying capacity 
concept with regard to prédation as described by Errington 
and Hamerstrom (1936) appears not to hold true in this in- ' 
stance. The observed relationship appears very similar to 
that described by Ricker (1952) in which predators of any 
given abundance take a fixed number of the prey species dur­
ing the time they are in contact, enough to satiate them. 
The surplus prey escape. The main characteristic of such 
a situation is that the number of prey eaten depends upon 
the abundance of predators but not on the abundance of prey. 
Thus bear prédation upon spawning salmon is a density-
independent mortality factor. Ricker notes that such a 
predator-prey relationship is usually a short term type of 
Figure 24. The spatial distribution of bear kills 
and live sockeye salmon in Hidden Creek, 
Brooks Lake, Alaska during the 1959 and 
1961 spawning seasons 
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interaction as is the bear-salmon relationship on the spawn­
ing grounds. 
Effect on Spawning Distribution 
Little difference occurred in the spatial distribution 
of live fish between 1959 and 1961 (Figure 24). Distribution 
was computed by summing the spawning survey counts for all 
surveys in one year and computing the percentages of live 
fish observed in each area based upon the total number of 
live fish observed during all surveys. The lower area con­
tains the largest number of live fish due to the large groups 
of fish counted in the resting pools where they lie for 
several days before moving up onto the spawning grounds. 
The middle and upper sections give a clearer picture of the 
distribution of live fish on the spawning grounds. Here we 
note little variation in distribution between the two years. 
Even with a spawning run in 1961 that was only one fourth 
as large as the 1959 run, approximately the same percentage 
of live fish reached the upper spawning area, although the 
density was markedly reduced. This fact indicates that, 
although predators took a larger proportion of the run and 
increased their activity in the lower stream in 1961, the 
presence of bears did not restrict the movement of fish into 
the upper spawning areas. Hence, bear prédation apparently 
is not a factor bearing upon the distribution of the 
i6o 
spawning fish. 
On the other hand, the distribution of spawning fish 
may, indeed, affect the distribution of the bears. When 
foraging becomes less rewarding in the upper reaches, bears 
tend to shift their activities further downstream (Figure 24). 
In the year of lowest escapement (1961) an increased percent­
age of kills was made on the lower stream, especially in the 
vicinity of the holding pools. When fish are plentiful up­
stream, as in 1959, depredations remained light in the lower 
reach even though in both years this area contained approxi­
mately half of the live fish present in the stream at any 
particular time. 
Under certain conditions the very presence of bears or 
other mammals in the waters of a spawning stream may 
temporarily disrupt spawning activities. Bureau of Commercial 
Fisheries personnel at Karluk Lake have occasionally observed 
salmon actually being flushed from the shorter lateral creeks 
due to the presence of bears fishing upstream (Robert 
Raliegh, I96I)1. Salmon possess a highly developed olfactory 
perception (Easier and Wisby, 1951; Easier, 1954) and evi­
dence a distinct alarm reaction to the presence of a re­
pellent secretory product common to mammalian skin. 
1Robert Raliegh, Karluk Lake, Alaska. Observations of 
spawning sockeye salmon. Private communication. 1961. 
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Experiments by Brett and MacKinnon (1954) have shown that 
this substance is responsible for the alarm reaction dis­
played by salmon. They found upstream migration of coho 
and Chinook salmon practically halted for up to 15 minutes 
when a "hand-wash" preparation was added to the water of a 
fishway. An occasional fish actually leaped back into the 
next lower pool, a reaction similar to the flushing observed 
at Karluk Lake. The product has been identified as an amino 
acid, the "1" isomer of serine (Idler, Fagerlund and Mayoh, 
1956). In Hidden Creek I have seen obviously alarmed 
salmon leave their spawning sites and swim rapidly down­
stream past me. Often, only a moment or so later, I ob­
served a bear fishing a bend or two upstream. 
The repellent has only a temporary effect, however, and 
after a prolonged period (15 minutes or more) fish become 
acclimated to its presence and resume their activities (Brett 
and MacKinnon, 1954). Under these conditions they are 
much more wary than usual and become alarmed at the least 
disturbance. Such behavior is always noticeable during 
spawning surveys after bears have been active on the creek 
for several days. Although fish may be temporarily displaced 
downstream several hundred feet during an alarm, the length 
of the Brooks Lake laterals and the distance of the spawning 
grounds above the mouth prevent the actual flushing of fish 
from the creeks. 
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BEAVER ACTIVITY 
Extent 
According to Cahalane (1959) beaver are abundant and 
widespread throughout most of Katmai National Monument below 
the upper limits of cottonwood, or approximately 800 feet. 
In spite of their generally universal distribution in the 
lower areas of the Monument, these animals do not presently 
abound in great numbers along the lateral streams of Brooks 
Lake although they may frequently be observed along the 
terminal stream, Headwater Creek. 
The colony maintaining the dam at the upper limit of 
salmon migration on Hidden Creek appears to have been well 
established for a long period of time. The series of ponds 
formed by this dam support a complex lentic biota, including 
a resident northern pike population, and display a stable 
shoreline. The dam averages slightly over 4 feet in height 
above the waterline along its lower face and forms an in­
surmountable barrier to ascending sockeye salmon except dur­
ing brief periods of abnormally high flow (Figure 25). Only 
once during the three years of this study have salmon been 
observed in the pond above this dam (five salmon on August 
26, 1959). Two abandoned and breached dams lie in the first 
970 feet of stream below the intact structure. 
Three abandoned and breached dams occur in an old beaver 
Figure 25. Beaver dams, either active or abandoned, 
halt the upstream migration of adult sockeye 
salmon on all the lateral streams in the 
Brooks system. This active beaver colony, 
on Hidden Creek, maintains a dam impounding 
between 30 and 4o surface acres in a series 
of ponds 
Figure 26. Abandoned beaver dams in an old beaver 
meadow on lower Hidden Creek showing the 
partial recovery of the area after inunda­
tion 
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meadow approximately 3,800 feet upstream from the mouth of 
Hidden Creek, just above the lower spawning area. The 
meadow is in the process of recovery from impoundment. 
Gravels in the upper third of the meadow have been flushed 
of fines and provide acceptable spawning locations. The re­
mainder of the area consists of braided and shifting channels 
and breached dams. Here a large amount of fine material is 
present in the bottom gravels (Figure 26). 
The first 2,300 feet of stream above the outlet contains 
the remains of two old dam breasts. Dead spruce snags 
attest to the extensive Inundation that occurred during the 
flooded period. All indications, however, point to long 
abandonment and ecological succession has advanced to the 
point where white spruce are again becoming established. 
The large proportion of fine material in the gravels of this 
reach probably result more from deposition due to low gra­
dient than to any lasting effect of beaver occupation. It 
is interesting to speculate, however, on the fate of the 
Hidden Creek salmon run at the time beaver actively main­
tained the dams now abandoned in this lower reach. Did a 
small number of fish manage to ascend the dam breasts and 
thus maintain the race or did fish straying from other 
streams reestablish the run upon abandonment and subsequent 
deterioration of the beaver dams? 
Up-A-Tree Creek displays evidence of the heaviest 
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former beaver activity found on any lateral tributary 
studied. In the 4,300 feet of stream below the presently 
active colony the remains of more than 50 old dam breasts 
can be counted. Many of these structures can be observed 
only by looking at the sides of the stream banks. Here, in 
the 4 to 7 feet high vertical faces, may be seen the breached 
ends of ancient dams protruding from the overlying silt.. 
From the presence of old poplar boles of large diameter we 
can imagine the once-extensive stands of this preferred food. 
Now the climax white spruce is slowly becoming reestablished. 
The gradient of the upper 6,400 feet of stream barely 
exceeds 12 feet per mile. Although the general topography 
does not suggest that more than a moderate fall occurred 
previous to beaver occupation, the presence of the buried dam 
breasts indicates that a decided reduction in gradient did 
occur primarily âs a result of beaver activity. The bottom 
in this reach contains a high proportion of fine sand and 
silt. Except for an occasional short riffle, the entire 
reach may be considered completely unsuitable as a salmon 
spawning area. Practically all present and former beaver 
activity has been restricted to the upper 9,900 feet of Up-
A-Tree Creek. 
Six abandoned beaver dams lie in the uppermost 3,300 
feet of One Shot Creek available to migrating salmon. Four 
of them occur in a meadow approximately 2,200 feet long. The 
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gradient here is just over 22 feet per mile. These dams have 
been abandoned long enough for freshet action to flush the 
finer materials from the upper end of the meadow. Salmon 
now find this upper reach acceptable for spawning. The upper­
most dam had been abandoned prior to 1959• Now in disre­
pair, it is slowly deteriorating. Six fish managed to pass 
the dam in i960. None were observed above the dam in either 
1959 or 1961. It is probable that in a few years this dam 
will no longer halt upstream migration. The area formerly 
inundated by this dam will not begin to recover until the 
structure is thoroughly breached and complete flushing can 
occur. 
Effect on Spawning Distribution 
Abandoned structures affect distribution primarily as a 
result of changes in stream ecology due to previous inunda­
tion, providing the abandoned dam is passable to salmon. We 
have already noted that extensive beaver activity may result 
in lowered gradients in local areas and an accompanying 
deposition of fine materials both unsuitable and unacceptable 
as spawning bottom by sockeye salmon. It apparently requires 
a long period of time (perhaps 10-20 years), depending upon 
the original gradient, length of beaver occupation and a 
host of other factors, before these areas become flushed 
enough by freshets to the point that salmon will again spawn 
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in such reaches. In the Interim, these areas alter the dis­
tribution patterns of spawning salmon by reducing the avail­
able spawning area. 
Concerning the effect of actively maintained structures 
as barriers to migrating salmon, Cahalane states (1959, 
p. 211) : 
I know of no beaver dam in Katmai National 
Monument that is capable of holding up salmon for 
any length of time. The larger and more watertight 
the dam, the easier it is surmounted.... The small 
beaver dam that rises only 1 or 2 feet sometimes 
baffles the migrating salmon for a longer time than 
the higher dams....However, all but the unusually 
luckless or the weakest salmon eventually find 
their way over these lower cascades also. 
While Cahalane1 s statements may accurately portray con­
ditions in other parts of Katmai National Monument, my ob­
servations have led me to precisely the opposite conclusion. 
Except during unusual circumstances, beaver dams located on 
Hidden, Up-A-Tree and One Shot creeks effectively halt the 
upstream migration of adult sockeye salmon. Only on Up-A-
Tree Creek did appreciable numbers of salmon succeed in 
ascending an active beaver dam during a brief period of high 
water in i960. At present levels of escapement, however, it 
appears that the location of active dams has no adverse 
effect with regard to prohibiting salmon from reaching 
vitally needed spawning grounds. 
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VARIATION, ADAPTABILITY AND MANAGEMENT IMPLICATIONS 
We have seen In the previous pages that the size com­
position of gravels selected for spawning varies markedly 
between different populations. Salmon in each stream must 
select from the conditions available to them. Those that 
select the most suitable places bring off the most progeny. 
Consequently, genetic races returning to their home streams 
become adapted to a certain set of spawning conditions 
(Thompson, 1959)- The survival rate of each population may 
well be tuned to this given set of conditions, thus per­
petuating each race with regard to its particular -spawning 
environment as well as all other environments encountered 
throughout the life history of the fish. 
Hence spawning distribution becomes a relative matter, 
depending upon what conditions are available within rather 
broad limits because salmon are adaptable spawners. That is, 
given races may differ widely in their choice of spawning 
habitat because, over a large geographic range, a wide 
variety of habitats is present. Whether or not Hidden Creek 
spawners would accept the conditions present in Karluk Lake's 
Grassy Point Creek is only of academic interest, for Hidden 
Creek fish will never have the opportunity presented to 
them. The question assumes practical significance, however, 
when transplants of eyed eggs are placed in spawning grounds 
formerly supporting populations that have become depleted 
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through natural catastrophe or fishing pressure. Such 
transplants are successful only when carefully planned and 
executed,using eggs taken from races already spawning in 
similar habitats (Int. Pac. Salmon Fish. Comm., Ann. Kept, 
for 1954, p. 36). This fact indicates that individual popu­
lations must be adapted to a relatively narrow range of con­
ditions, even though the species as a whole displays a rather 
broad habitat tolerance. 
Artificial spawning channels have proven quite success­
ful -in restoring or improving runs depleted by reductions in 
the quality and quantity of natural spawning areas. Notable 
examples of such restoration include the Canadian Department 
of Fisheries' artificial channels located at Jones Creek 
and Robertson Creek, B. C. (Hourston and MacKinnon, 1957; 
Lucas, i960; MacKinnon, i960; Woodland, 1962). The same de­
partment now plans to improve 7 miles of the Big Qualicum 
River on Vancouver Island at an estimated cost of over a 
million dollars (Merrell, i960). Less publicized but 
nevertheless important are the half dozen or so artificial 
spawning channels now in operation solely or jointly by the 
Bureau of Commercial Fisheries in the Pacific Northwest 
(Merrell, i960). 
Except in particular instances, artificial improvement 
of poor habitats to increase survival is impractical when 
one considers the multitude of natural spawning areas 
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presently used by sockeye salmon. We are primarily con­
cerned, then, with the survival of a given race adapted to 
the habitat and with maintaining the population at an optimum 
level. When attempting to arrive at some measure of carry­
ing capacity we must remember that a natural stream is a 
complex environment. No natural spawning area is a special­
ized farm for the intensive production of one or a few 
species of salmon. 
Although man cannot materially improve most natural 
spawning areas, he can manage escapements of fish to the 
spawning grounds through regulation of the fishery. Theoreti­
cally the best management would require that each population 
be exploited at the level that permits an escapement that 
will insure the greatest survival. Wickett (1958) states 
that spawning stocks must be kept as close to the optimum 
density as possible if large populations are to exist. He 
feels this density can be determined by a study of the stream 
gravels and an examination of the escapements that have pro­
duced the largest (average) returning stock (race or popula­
tion). His work with pink and chum salmon suggests that 
very few areas receive the optimum number of spawners. In 
most areas optimum numbers are much greater than the present 
numbers. Thus solving the problem of optimum escapement 
depends upon: 
(1) determining the optimum numbers of spawners 
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required for each population and habitat, 
(2) identifying these populations while they are still 
members of complex mixtures in the fishery and 
(3) insuring, through regulation, that optimum escape­
ments are provided. 
Development of the theory of management required and collec­
tion of the data upon which to base such management have 
hardly begun, yet this comprehensive approach is vital to 
continued productivity. 
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ESTIMATES OP CARRYING CAPACITY . 
Carrying capacity estimates may be developed at various 
levels of refinement, depending upon the type and amount of 
information at hand. The simplest method merely entails 
calculating the total available area of a stream possessing 
a grave1 composition normally selected by the majority of 
fish spawning in that stream. The calculated area is then 
divided by some accepted figure of territory size to give 
an estimate of carrying capacity. This method is best suited 
in situations where many streams must be visited by a few 
men during a short time, say a single spawning season. In 
1961 this procedure was followed during an inventory of all 
spawning grounds in the entire Naknek River system by Bureau 
of Commercial Fisheries personnel. Each stream was divided 
into sections by stations established at major changes in 
stream bottom type. The general bottom composition of each 
section was then rated and placed into one of five arbitrary 
classes previously anticipated as representing the diversity 
of conditions expected to be encountered. These general 
bottom composition classes were : 
1. Over 75 per cent mud, silt, or sand bottom. 
2. Over 75 per cent pea gravel (between sand and 1/4 
inch in diameter). 
3. Over 75 per cent small gravel (particles 1/4 to 2 
inches in diameter). 
1?4 
4. Over 75 per cent medium gravel (particles 2 to 6 
inches in diameter). 
5. Over 75 per cent rubble (particles 6 inches in 
diameter or over). 
The entire inventory program, including the bottom classi­
fication system, was based largely on the results of the 
physical surveys made during the lateral stream study at 
Brooks Lake, as herein reported. The determination of the 
amount of available spawning area in each stream based on the 
above bottom type classes and the allocation of carrying 
capacity estimates to these areas has not yet been completed 
and the method of allocation is not presently available for 
comparison with methods used in this study. A similar 
approach, however, involves the use of gradient classes in­
stead of bottom type classes. This method will be presented 
later in this section. 
When several year's data are available, estimates may 
be based on spawning density values. In this case an index 
of density is computed using either fish or redd sites per 
some unit of stream length. All reaches having densities 
exceeding a minimal accepted value at some time during the 
various years of study are included in the computation of 
available spawning area. This area is then divided by the 
accepted territory size and an estimate of minimal carrying 
capacity results. 
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Another method, requiring more data, is one employed by 
Wickett (1958) to give optimum carrying capacity. He found 
that the more permeable a stream bed is, the higher the 
allowable spawning density can be. Wickett obtained an 
average permeability for a- number of spawning streams. By 
comparing the densities of spawners that produced the ap­
proximate maximum numbers of fry to the average permeabili­
ties of these test streams, Wickett arrived at a relationship 
enabling him to compute the number of spawners per square 
yard required for maximum fry output in a number of British 
Columbia pink and chum slamon spawning streams. Egg-to-fry 
survival studies begun at Hidden Creek in 1959 are also 
aimed at determining an optimum escapement for this stream 
based on a similar approach. 
To determine optimum spawning densities, one must have 
data from spawning runs exceeding as well as below the opti­
mum. It is doubtful that such information can be collected 
under policies presently being followed by many managing 
agencies inasmuch as these policies are often governed to a 
certain extent by political and socio-economic forces rather 
than biological soundness. Spawning densities might be con­
trolled experimentally by fencing off portions of a stream 
and determining the survival rate under different densities 
and environmental conditions. 
Because long-term escapement and survival data were not 
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available for the Brooks laterals during the present study, 
the second, or spawning density, method was used to deter­
mine carrying capacities for these streams (Table 23). The 
area of acceptable gravels in each stream was computed by 
calculating the total length of spawning survey sections 
that, during any one year of the study, supported a seasonal 
spawning density of more than 10 redd sites per 100 feet of 
stream in Hidden Creek and more than 5 redd sites per 100 
feet in Up-A-Tree and One Shot creeks. 
The selection of 10 redds per 100 feet in Hidden Creek 
and 5 redds per 100 feet in the other two streams as a lower 
density limit is based upon differences in escapements be­
tween streams. Observations of the distribution of fish on 
the spawning grounds led to the conclusion that these 
densities represent a best estimate of the lower limits of 
preference with regard to the size of the escapement into 
each stream. 
Using the above densities as a lower limit, the linear 
distance of each spawning survey section having a greater 
density during any year of the study was multiplied by the 
average width of that section. The areas obtained were 
summed for each stream. The cumulative area for each stream 
was then reduced by 1/4 to account for localized portions 
not suitable for spawning. This reduction, of necessity, 
is arbitrary but is believed to be both realistic and 
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conservative ana is based upon the general physical surveys 
made of each stream in 1959 and upon three years' observa­
tions of spawning distribution. The adjusted areas thus 
provide estimates of the amount of preferred spawning habi­
tat available in each stream. 
Burner (1951) states that 72 square feet per spawning 
pair appeared to be the best estimate for figuring the 
carrying capacity of sockeye salmon in the Columbia River 
watershed. Wickett (1958) found, however, that spawning 
densities of pink salmon that yielded the highest returns 
varied from a pair for every 6.4 square feet to a pair every 
30 square feet, depending upon the condition of the habitat. 
His work indicates that territory size alone does not deter­
mine optimum spawning density. Mathisen (1955) noted that 
territorial sizes of sockeye salmon varied with the size of 
total escapement and environmental factors. We may assume, 
then, that spawning density will increase until the 
attractiveness of the habitat is counterbalanced by the re­
pelling influence of the population already present. We can 
also expect the critical level to be low in unattractive 
habitats and high in attractive ones. We have no data, how­
ever, that indicate this level was ever reached on any 
spawning area during the present study. We may compare the 
spawning territories of sockeye salmon to elastic discs, of 
which there is a lower as well as an upper limit to the 
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number that can be placed together to cover a given area. 
Data collected during the largest spawning run into 
Hidden Creek (4,558 fish in 1959) showed that in Section 9 
of that stream, assuming 75 per cent of the area is accept­
able for spawning, each pair had available approximately 48 
square feet, based on the last spawning survey of the season 
made on August 29, 1959 when 48 redds were tallied in this 
section. The section is 312 feet by 9.8 feet (average 
width). This concentration was the highest spawning density 
encountered during the entire study, yet we do not know how 
many more fish might have chosen this area had the escape­
ment been larger. 
In this study carrying capacity was computed by dividing 
the adjusted acceptable area by 36 square feet. This figure 
represents a best estimate of territory size tolerated by 
sockeye salmon spawning in Brooks Lake laterals based upon 
my observations of spawning pairs and territorial behavior. 
Assuming a 1:1 sex ratio, the number of territories may be 
doubled to arrive at the carrying capacity (Table 23). The 
figures obtained by this procedure are considered minimal. 
These estimates assume a single spawning wave with no super-
imposition. No attempt has been made to adjust for losses 
due to bear prédation upon unspawned or partially spent fish. 
The 1959 run into Hidden Creek was the only known instance 
of an actual spawning escapement exceeding this calculated 
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Table 23. Minimum carrying capacity estimates for sockeye 
salmon spawning in Hidden, Up-A-Tree and One Shot 
creeks, Brooks Lake, Alaska based upon the area 
of acceptable gravel available to spawning fish 
as determined by spawning density and a terri­
tory size of 36 square feet 
Hidden Up-A-Tree One Shot 
Total acceptable area avail­
able in square feet 
80,617 62.745 17,693 
Adjusted area (75 per cent of 
total above) 
60,462 47,058 13,269 
Number of territories at 36 
square feet per territory 
1,680 1,307 368 
Carrying capacity, assuming 
1:1 sex ratio 
3,360 2,6l4 736 
carrying capacity. These minimum carrying capacity estimates 
should not be confused with estimates of optimum density. 
Escapements that provide the highest average return or 
greatest fry production may lie somewhat above the minimum 
estimates derived in this manner. 
Another method of computing carrying capacity was tried 
by comparing spawning activity with various gradients. In 
each stream the area was computed for all gradient classes 
in which 10 per cent or more of the spawning activity occurred 
during any one year. These gradient classes also contain 
the gravel compositions normally selected by sockeye salmon 
spawning in these streams and yield estimates of carrying 
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capacity for all practical purposes identical to estimates 
obtained by using the first method described in this chapter, 
the general bottom composition inventory. The areas com­
puted for each stream were reduced by 25 per cent as ex­
plained previously and divided by 36 square feet, the 
selected territory size. Estimates of carrying capacity ob­
tained by this procedure are presented in Table 24. Note 
that almost no difference exists between the two estimates 
for Hidden Creek, 3#360 fish by the density method as 
opposed to 3,322 fish by the gradient method. In Up-A-Tree 
and One Shot creeks estimates derived by the gradient method 
far exceed those calculated using spawning densities, 
10,498 fish compared to 2,614 fish for Up-A-Tree creek and 
3,262 fish compared to 736 fish for One Shot creek. In 1957, 
however, Merrell estimated 2,000 spawners in One Shot creek 
(Merrell, 1958). 
There are several possible explanations for the simi­
larity in the Hidden Creek estimates and the differences in 
the Up-A-Tree Creek and One Shot Creek estimates. The spawn­
ing density method may seem valid only because the figures 
derived by this procedure more closely approximate actual 
escapements recorded during the study. Estimates based on 
gradient classes actually may more nearly represent potential 
carrying capacities inasmuch as the gradient classes reflect 
the composition of available gravels. If escapements are 
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Table 24. Minimum carrying capacity estimates for sockeye 
salmon spawning in Hidden, Up-A-Tree and One 
Shot creeks, Brooks Lake,'Alaska based upon 
gradient classes having 10 per cent or more of 
the spawning activity during any one year 
Hidden Up-A-Tree One Shot 
Total area available in 
square feet 
79,774. 251,952 78,288 
Adjusted area (75 per cent 
of total) 
59,808 188,964 58,716 
Number of territories at 36 
square feet per territory 
1,661 5,249 1,631 
Carrying capacity, assuming 
-1:1 sex ratio 
3,322 10,498 3,262 
consistently low, however, estimates based on spawning dens­
ity will not be valid because reaches potentially capable of 
carrying more fish will not appear as preferred spawning 
areas. The closeness of the two Hidden Creek estimates seems 
to support the gradient method if we assume that the Hidden 
Creek escapements for 1959 and i960 (years of highest 
densities in gradient classes) were near carrying capacity. 
We must then try to account for the fact that estimates in 
the other two streams do not agree. If spawning escapements 
into Hidden Creek are close to carrying capacity then we 
might assume that escapements into the other two streams 
also approach carrying capacity because the fish going to 
all three streams may be subject to the same fishing 
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pressure, providing fishing pressure is the principal factor 
reducing populations below carrying capacity. 
Tagging studies at the main weir located at the outlet 
of Brooks Lake have demonstrated that fish destined to spawn 
in the lateral stream systems arrive during the last week in 
June and the first three weeks in July (Merrell, 1958; 
Eartman, 1959). We do not know, however, whether or not 
these populations migrate through the fishery at the same 
time. Tagging and racial studies are needed to fill this gap 
in our information. If we assume that they do, it would 
seem reasonable to suspect that all three populations suffer 
a similar fishing mortality. This line of reasoning leads 
to the conclusion that the carrying capacities of Up-A-Tree 
and One Shot creeks are estimated more closely by the figures 
in Table 23. 
In i960 the first portion of the Naknek run coincided 
with a fishermen's strike, allowing a large escapement early 
in the season. It was also in i960 that the largest run of 
the study entered Up-A-Tree Creek: This increase in escape­
ment into Up-A-Tree Creek was not paralleled in the other 
two streams. The Hidden Creek run showed a decline from the 
previous year of about one half while the One Shot Creek run 
remained almost the same. In this instance the larger 
Up-A-Tree run indicates that this race may pass through the 
fishery earlier than the other two races, - or that the size 
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of the parent stock was greater than those whose progeny re­
turned in 1959 or 1961. In i960, however, the Up-A-Tree and 
One Shot runs ascended these creeks about 2 weeks earlier 
than fish entering Hidden Greek. The runs in these streams 
were about a week earlier than Hidden Creek in 1959 and 1961. 
An earlier ripening and ascent to spawn may be an indication 
of an earlier run. If such differences exist, the carrying 
capacity of Up-A-Tree Creek, and possibly One Shot Creek, may 
be more nearly reflected by the estimates presented in Table 
24. These differences would also suggest that the runs to 
these three streams are not subjected to the same fishing 
pressure. 
The basic biological problems must first be studied in 
individual spawning populations. In these, the escapements 
and survivals must be obtained year after year to give a 
series of data by which fluctuations can be studied under the 
inevitable variation of natural conditions. Measurements of 
gravel permeability, volume of flow, temperatures and other 
environmental data must be fully recorded at the same time. 
Carefully planned experimental alteration of numbers of 
spawners must be included in such studies to separate the 
effects of spawning density from the multitude of complicat­
ing natural variables. The long-term survival studies now 
in progress at Brooks Lake should be expanded to include a 
study of these and other problems involving carrying capacity. 
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SUMMARY 
1. This study represents the results of a three-year 
investigation undertaken to outline the distributional 
patterns of spawning sockeye salmon in the three major lateral 
streams entering Brooks Lake, Alaska, and to evaluate some 
possible ecological factors influencing the patterns ob­
served. 
2. The drainages of Hidden, Up-A-Tree and One Shot 
creeks lie almost entirely within an area of unconsolidated 
glacial till. 
3. Stream gradients and other physical features, in­
cluding lengths and widths, were determined for the total 
distance in each stream normally available to spawning salmon. 
4. Spawning surveys were made to determine fish dis­
tribution, spawning density, escapement and behavior. Weirs 
were used to record total escapement on Hidden Creek for all 
three years and on the other two streams in 1961. 
5. Sockeye salmon schooled off the mouth of Hidden 
Creek for from 1 to 3 weeks before beginning their ascent to 
the spawning grounds. 
6. Female salmon in schools off the creek mouth and 
migrating upstream to the spawning grounds exhibited a 
digging behavior believed to be a manifestation of the in­
creased spawning drive and not a direct method of selecting 
a redd site. 
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7. Females selected the redd site location. The first 
arrivals selected redd sites in pool tails or on short 
inter-connecting riffles. A sequential pattern of occupancy 
developed as the season progressed; later arrivals chose 
sites progressively upstream in pools and in longer, 
shallower riffle areas. 
8. Other factors being equal, redd sites offering 
nearby points of refuge are occupied first. The presence of 
cover, however, is subordinated by the need for acceptable 
gravels. When alarmed, salmon may be guided to refuges by 
negatively phototactic stimuli. Refuges providing such 
stimuli do not necessarily provide physical security from 
prédation as well. 
9- Pairing takes place shortly after the female begins 
her redd/ The onset of male attendance appears to be re­
leased by the redd digging activities of the female. Pair­
ing is not always permanent, however; promiscuity occurs 
and even redd sites may be exchanged between defending fish 
at times. 
10. Pairs spawning in the lateral streams at Brooks 
Lake will tolerate another redd site as close as 6 feet, a 
territory of approximately 36 square feet. Even higher 
territorial tolerances have been observed in Karluk Lake 
laterals. 
11. A female requires about 2 or 3 days to deposit her 
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eggs under favorable conditions. Females may defend their 
sites for a week or more, males usually remain in attendance 
a somewhat shorter time. 
12. No evidence was collected that would indicate 
superimposition has occurred on any of the lateral stream 
spawning grounds during the period covered by this study. 
13. Fish entering Hidden Creek ascended in distinct, 
though compressed, waves with intervals of two days to a 
week or more between major upstream movements. 
14. Later arrivals on the spawning grounds filled in 
vacancies in areas already occupied by spawning pairs. 
15. Aggressive behavior by established pairs did not 
prevent later migrants from moving upstream through cur­
rently established territories. 
16. Hidden Creek is accessible to adult salmon for a 
distance of 12,996 feet. This reach has a total fall of 
146.40 feet or 59.48 feet per mile. 
17. Salmon may normally ascend Up-A-Tree Creek for a 
distance of 23,724 feet. The total fall in this reach is 
IIO.5O feet or 24.59 feet per mile. 
18. One Shot Creek contains 12,493 feet of stream be­
low the first barrier to upstream progress. This reach has 
a total fall of 149.58 feet, a gradient of 63.22 feet per 
mile. 
19. In both Hidden and One Shot creeks less than 10 
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per cent of the available linear distance has a fall of be­
low 20 feet per mile. Over 47 per cent of Up-A-Tree Creek 
lies in the 0-20 foot per mile bracket. 
20. Spawning distribution and intensity of activity 
was determined by enumerating redd sites during stream spawn­
ing surveys. 
21. In 1959, 4,558 Hidden Creek fish concentrated al­
most 80 per cent of their spawning activity in about 40 per 
cent of the total linear distance available. About the same 
percentage of stream was utilized by the i960 run of 2,275 
fish. In 1961 over 70 per cent of the 1,078 fish entering 
the stream occupied just 30 per cent of the linear distance 
available. 
22. Over 90 per cent of the spawning activity occurred 
in less than 50 per cent of Up-A-Tree Creek in all years 
except i960, the largest escapement, when 67 per cent of the 
linear distance was required. 
23. Sixty per cent or less of One Shot Creek contained 
over 90 per cent of the spawning activity in all three years. 
24. In Hidden Creek over 80 per cent of the spawning 
activity occurred in the 30-80 feet per mile gradient range 
with between 40 and 50 per cent restricted to the 60-80 foot 
bracket. 
25. In 1959 and i960 the Up-A-Tree run concentrated in 
the highest gradients available (20-50 feet per mile) but in 
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1961 almost 60 per cent of the activity was centered in a 
reach having a fall of only 10 to 20 feet per mile. 
26. Spawning activity in One Shot Creek occurred 
mainly in portions of this stream (52 per cent) having gra­
dients of between 20 and JO feet per mile. 
27. The effect of gradient in governing the distribu­
tion of sockeye salmon cannot be precisely defined because 
a fairly wide range of gradients contain gravel compositions 
acceptable to spawning fish. 
28. Several study areas were selected in each lateral 
stream to serve as collection points for more detailed data 
on physical differences between high and low density spawn­
ing areas. 
29. No marked differences in amount of refuge cover 
or pool-riffle ratios were found between areas of high and 
low spawning density. 
30. Gradients in high density areas were moderate (22-
54 feet per mile) while gradients in low density areas were 
either very gradual (15 feet per mile) or relatively steep 
(44 to 105 feet per mile). 
31. Gravel samples collected from each area were 
mechanically analyzed by shaking the air-dried particles 
through a series of 10 U.S. Standard sieves. Particle size 
distributions were figured using per cent retained on each 
sieve by weight. 
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32. Salmon spawning in Brooks Lake lateral streams pre­
ferred areas in which less than 10 per cent of the gravels 
exceeded 3 inc. he s in diameter, about 50 per cent of the 
particles were 1 to 3 inches in diameter and the remainder 
was divided about equally between particles 1/2 to 1 inch in 
diameter and particles less than 1/2 inch in diameter. 
33- Sockeye salmon spawning in Brooks River chose 
reaches containing proportionally more fine particles. Races 
of sockeye salmon entering Karluk Lake laterals selected 
sites having proportionally larger gravels. The bottom com­
position selected for spawning by each race depends upon the 
availability range existing within each habitat. 
34. The interaction of volume of flow, stream size and 
gradient upon size composition of deposited gravels is dis­
cussed. 
35. In 1959 carcasses of 1,319 salmon were tallied as 
bear-killed from a total escapement into Hidden Creek of 
4,558 fish. In 1961, 872 bear-killed fish were recorded 
from a run of 1,087 fish. The bear kill, based on recovered 
carcasses only, was 28.9 per cent of the escapement in 1959 
and 80.2 per cent in 1961. Field observations indicate 
that roughly the same number of bears visited the creek to 
fish in both years. These data support the theory that bear 
prédation upon spawning salmon is a density-independent 
mortality factor. 
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36. The presence of bears fishing in Hidden Creek did 
not prevent salmon from ascending to the upper spawning 
areas, even when prédation became heavy along the lower 
reaches of the stream. Bear activity does not seem to in­
fluence the distribution of spawning fish, but year to year 
differences in abundance and location of spawning fish 
appear to determine the distribution of bears fishing along 
the stream. 
37. Beaver activity affects the distribution of spawn­
ing salmon in two ways. First, previously impounded areas 
are made unattractive by the deposition of fine materials 
in the stream bottom as a result of inundation and reduction 
in gradient. Second, active structures prevent the upstream 
migration of salmon except during infrequent periods of 
high water. 
38. Estimates of carrying capacity were computed for 
Hidden, Up-A-Tree and One Shot creeks based on spawning 
density figures collected during the 1959, i960 and 1961 
distribution surveys. The minimal figures are : Hidden 
Creek, 3,360 fish; Up-A-Tree Creek, 2,6l4 fish; One Shot 
Creek, 736 fish. These estimates assume a 1:1 sex ratio. 
With the exception of the 1959 run into Hidden Creek, 
escapements into Brooks Lake laterals never equaled these 
estimates during the three years of the study. 
39. Carrying capacity estimates were also derived for 
y 
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these three streams based upon spawning distribution within 
gradient classes. These estimates are : Hidden Creek, 3,322 
fish; Up-A-Tree Creek, 10,498 fish; One Shot Creek, 3,262 
fish. 
40. Several factors are discussed that may affect the 
reliability of these estimates. The possibility is explored 
that the difference between the two estimates for Up-A-Tree 
and One Shot creeks may be due to a lower potential carry­
ing capacity than the available gravels indicate. An alter­
native hypothesis is presented suggesting that these two 
races may not be subjected to the same fishing mortality as 
the Hidden Creek run. 
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Table 25. Frequency of live fish and redd sites encountered 
by survey section during the 1959 spawning 
surveys of Hidden Creek, Brooks Lake, Alaska 
Date of survey 
Section August'12 August 14 August 16 August 18 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 20 0 182 0 581 0 491 0 
2 237 0 190 0 116 0 196 0 
3 1 0 25 0 25 1 14 6 
4 4 1 21 1 37 2 14 7 
5 6 1 17 1 38 4 24 9 
6 5 2 32 6 48 13 35 14 
7 34 13 53 ' 18 96 33 69 32 
8 13 4 42 11 62 19 44 20 
9 11 4 24 11 72 22 68 32 
10 3 0 16 2 37 9 28 10 
11 0 0 2 1 8 1 4 2 
12 9 3 13 5 9 5 8 6 
13 6 2 9 5 11 6 7 8 
14 22 8 24 13 34 20 31 25 
15 18 6 12 4 28 16 22 18 
16 12 3 7 5 16 10 6 8 
17 20 7 23 10 46 14 29 21 
18 27 6 35 8 43 17 44 13 
19 26 11 21 8 46 17 38 10 
20 23 6 24 10 38 11 33 12 
21 10 4 9 6 23 9 20 9 
22 51 19 27 15 52 25 45 20 
23 13 4 7 6 14 7 8 10 
24 4 1 1 3 5 1 4 1 
25 19 2 8 2 14 5 6 7 
26 18 3 12 6 8 6 21 8 
27 55 0 4 13 49 12 44 12 
28 44 0 20 9 37 12 27 10 
29 54 2 48 21 68 22 78 20 
30 43 0 15 5 31 11 31 7 
31 18 0 13 5 20 5 5 2 
32 89 0 60 21 61 11 67 10 
33 196 0 15 5 23 5 10 0 
34 0 0 0 0 0 1 0 0 
35 0 0 43 0 0 0 0 0 
1,111 112 1,054 236 1,796 352 1,568 369 
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Table 25 (continued) 
Date of survey 
24 Section August 20 August 22 August August 29 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 747 0 578 0 40 8 0 13 0 
2 166 0 121 0 153 0 8 0 
3 18 5 20 5 19 6 12 3 
4 18 6 16 6 60 20 15 8 
5 33 14 35 19 42 18 19 7 
6 69 28 45 21 71 21 42 18 
7 70 28 94 51 98 44 82 32 
8 51 19 39 31 72 30 33 17 
9 64 46 81 35 99 34 96 48 
10 28 6 26 12 66 16 45 14 
il 0 0 6 1 24 7 11 4 
12 8 8 16 8 47 19 15 15 
13 14 10 11 9 57 23 23 14 
14 38 18 45 18 83 28 29 17 
15 34 11 19 12 89 27 31 40 
16 19 8 28 8 37 10 41 11 
17 20 10 31 13 83 25 28 9 
18 38 11 50 16 85 20 35 14 
19 4l 17 35 14 83 23 17 14 
20 44 7 46 19 87 26 24 5 
21 17 7 15 11 37 15 12 7 
22 45 13 32 21 102 29 48 13 
23 15 6 33 6 39 15 24 8 
24 2 0 1 1 7 4 0 0 
25 15 4 12 7 63 15 27 5 
26 6 3 26 12 53 19 31 23 
27 15 7 42 9 93 23 73 24 
28 25 8 34 9 78 13 32 8 
29 31 12 47 23 160 32 49 17 
30 20 10 11 3 92 12 61 14 
31 9 4 14 5 20 5 52 18 
32 47 16 45 7 68 12 152 25 
33 25 5 10 0 90 5 149 31 
34 0 0 0 0 8 1 60 17 
35 0 0 0 0 1 0 9 0 
1 ,792 347 1,664 412 2,674 597 1,398 500 
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Table 26. Frequency of live fish and redd sites encountered 
by survey section during the i960 spawning 
surveys of Hidden Creek, Brooks Lake, Alaska 
Date of survey 
Section August 17 August 20 August 24 
number Fish Redds Fish Redds Fish Redds 
1 66 0 74 0 11 0 
2 26 0 38 0 55 0 
3 14 0 5 0 48 1 
4 42 1 22 2 23 5 
5 15 1 ( 16 )a (3) 18 4 
6 15 2 tt tt 10 2 
7 15 0 10 2 20 5 
• 8 5 0 0 0 6 2 
9 3 0 2 0 48 7 
10 9 1 5 1 1 0 
11 3 0 0 0 0 - 0 
12 31 4 18 4 11 4 
13 29 7 28 8 2 9 
14 24 6 31 9 12 6 
15 .25 2 19 1 16 5 
16 7 ' 0 8 1 • 5 2 
17 39 7 34 6 21 8 
18 42 9 43 8 27 13 
19 61 10 52 11 7 4 
20 64 5 23 7 10 7 
21 27 3 13 2 2 2 
22 16 3 39 8 29 10 
23 20 4 14 3 14 4 
24 13 1 8 3 4 2 
25 38 4 30 4 17 4 
26 52 14 61 11 20 8 
27 52 6 22 9 4 1 
28 38 9 21 4 15 2 
29 90 19 53 13 24 8 
30 42 10 46 4 18 3 
31 12 2 4 1 0 2 
32 120 19 74 13 45 15 
33 150 41 129 28 109 23 
34 23 3 49 5 42 9 
35 4 1 22 2 1 0 
1,232 194 1,013 173 695 177 
aThe number in parenthesis is cumulative for all sections 
following it that are marked by ("). In these cases section 
numbers were missed by the survey team. 
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Table 27. Frequency of live fish and redd sites encountered 
by survey section during the 1961 spawning 
surveys of Hidden Creek, Brooks Lake, Alaska 
Date of survey 
Section August 10 August 11 August 13 August 14 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 8 0 3 0 oa 0 23 0 
2 2 0 0 0 oa 0 0 0 
3 1 0 0 0 16 0 0 0 
4 0 0 2 0 5 0 il 1 
5 0 0 1 0 7 0 12 2 
6 4 0 7 3 38 0 16 4 
7 11 0 17 4 36 11 19 9 
8 0 0 0 0 11 1 3 1 
9 0 0 1 0 44 2 6 2 
10 0 0 0 0 27 2 0 0 
11 0 0 2 0 0 0 0 0 
12 0 • 0 0 0 2 1 5 2 
13 0 0 0 0 . 0 0 7 3 
14 0 0 0 0 1 0 20 9 
15 0 0 0 0 5 0 7 3 
16 0 0 0 0 7 2 16 5 
17 0 0 0 0 5 2 29 12 
18 0 0 0 0 3 0 32 13 
19 0 0 0 0 0 0 14 4 
20 0 0 0 0 1 0 7 2 
21 0 0 0 0 0 0 14 4 
22 - 0 . 0 0 0 1 0 14 2 
23 0 0 0 0 1 0 9 4 
. 24 0 0 0 0 0 0 4 0 
25 0 0 0 0 0 0 . 8 2 
26 0 0 0 0 0 0 19 9 
27 0 0 0 0 2 0 29 7 
28  ^ 0 0 0 0 0 0 18 1 
29 0 0 0 0 0 0 51 10 
30 0 0 0 0 0 0 4 0 
31 0 0 0 0 0 0 0 0 
32 0 0 0 0 0 0 0 0 
33 0 0 0 0 0 0 0 0 
34 0 0 0 0 0 0 0 0 
35 0 0 0 0 0 0 0 0 
aNo counts of live fish made in this section on this 
date. 
210 
Table 27 (continued) 
Date of survey-
Section August 15 August 16 August 17 August 1.8 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 60 0 103 0 168 0 142 0 
2 1 0 9 0 1 0 2 0 
3 0 0 1 0 0 0 4 0 
4 3 0 3 0 1 1 11 0 
5 3 1 5 0 0 0 1 0 
6 1 0 6 3 8 1 7 0 
7 16 9 23 9 17 1 6 3 
8 8 2 11 4 9 3 1 0 
9 8 4 17 8 7 3 8 1 
10 5 0 0 0 1 0 0 0 
11 8 0 0 0 • 0 0 0 0 
12 14 5 12 3 3 2 1 1 
13 6 3 13 5 8 3 7 3 
14 14 6 15 6 19 4 11 6 
15 14 2 11 6 12 2 4 3 
16 15 6 10 5 6 3 10 5 
17 44 11 34 14 6 5 21 9 
18 30 12 31 11 30 4 23 10 
19 22 9 33 11 33 5 23 9 
20 8 3 7 4 18 6 3 1 
21 4 1 3 2 3 1 2 0 
22 23 8 16 7 27 7 10 4 
23 18 3 10 2 17 5 9 5 
24 4 0 1 0 4 1 9 1 
25 30 0 14 4 16 3 8 3 
26 30 23 36 20 21 2 8 3 
27 70 4 40 12 24 9 30 10 
28 38 3 20 6 12 1 9 3 
29 61 10 35 14 21 5 15 3 
30 34 5 21 9 2 0 10 5 
31 9 0 6 1 3 0 0 0 
32 50 0 18 4 6 0 0 0 
33 2 0 0 0 0 0 0 0 
34 0 0 0 0 0 . 0 0' 0 
35 0 0 0 0 0 0 0 0 
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Table 27 (continued) 
Date of survey 
Section August 19 August 20 August 21 August 22 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 164 0 140 0 61 0 70 0 
2 81 0 58 0 90 0 29 0 
3 0 0 l 0 6 0 10 . 0 
4 4 0 0 0 7 1 18 0 
5 2 1 3 0 3 0 2 0 
6 5 1 5 2 3 2 3 1 
7 11 4 6 2 17 5 19 0 
8 2 1 0 0 0 0 3 0 
9 8 1 8 3 11 5 27 3 
10 3 0 1 0 0 0 3 0 
11 0 0 8 0 0 0 2 0 
12 5 1 4 0 2 1 0 0 
13 6 4 3 0 2 1 0 0 
14 20 6 2 1 6 1 0 0 
15 11 3 15 1 4 0 2 0 
16 11 2 10 1 6 3 4 0 
"• 17 21 2 15 1 6 1 4 1 
18 20 6 12 2 25 6 15 3 
19 27 4 10 2 16 l 5 2 
20 7 2 0 0 0 0 3 0 
21 6 1 2 0 0 0 1 0 
22 ; 27 5 9 3 5 1 1 0 
23 7 2 7 2 0 0 1 0 
24 2 1 1 0 0 0 0 0 
25 19 7 2 0 0 0 0 0 
26 5 3 0 0 2 1 0 0 
27 20 4 22 7 17 4 9 2 
28 7 1 6 0 4 0 . l 0 
29 10 5 0 0 9 2 10 3 
30 20 7 0 0 9 3 9 3 
31 0 0 0 0 0 0 1 0 
32 0 0 0 0 0 0 5 0 
33 0 0 0 0 1 0 0 0 
34 0 0 0 0 0 0 0 0 
35 0 0 0 0 0 0 0 0 
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Table 27 (continued) 
Date of survey-
Section August.23 August 24 August 26 August 29 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 54 0 60 0 73 0 70 0 
2 40 0 28 0 2 0 0 0 
3 11 0 5 0 15 2 3 1 
4 5 1 19 1 7 1 2 0 
5 0 0 1 0 0 0 0 0 
6 2 0 2 0 1 1 1 0 
7 12 2 2 2 6 3 2 1 
8 0 0 5 0 10 4 2 1 
9 25 5 10 6 18 9 6 4 
10 0 0 0 0 1 0 2 1 
11 1 0 0 0 0 0 3 1 
12 1 1 0 0 2 0 2 0 
13 6 3 5 3 1 1 6 3 
14 1 0 0 0 2 1 3 2 
15 $0 0 0 0 1 1 0 0 
16 0 0 0 0 0 0 0 0 
17 8 0 7 2 5 3 1 0 
18 4 1 4 2 5 1 1 1 
19 - 1 0 3 1 8 3 0 0 
20 2 1 0 0 1 0 0 0 
21 1 0 0 0 0 0 0 0 0 
22 0 0 0 0 2 1 1 1 
23 0 0 0 0 1 0 2 1 
24 0 0 0 0 6 2 0 0 
25 1 0 4 1 0 0 3 0 
26 0 0 0 0 0 0 2 1 
27 1 0 0 0 2 1 3 2 
28 1 0 0 0 7 2 0 0 
29 4 0 6 0 8 3 3 1 
30 1 0 2 1 1 0 0 0 
31 0 0 0 0 0 0 0 0 
32 4 0 6 2 4 2 0 0 
33 0 0 0 0 0 0 0 0 
34 0 0 0 0 • 0 0 0 0 
35 0 0 0 0 0 0 0 0 
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Table 28. Frequency of live fish and redd sites encountered 
by survey section during the 1959 spawning sur­
veys of Up-A-Tree Creek, Brooks Lake, Alaska 
Date of survey 
Section August 6 August 14 August 22 
number Fish Redds Fish Redds Fish Redds 
1 26 3 16 4 8 8 
2 20 2 10 3 26 7 
3 19 5 19 5 24 9 
4 0 0 3 1 8 6 
5 0 0 31 11 10 10 
6 12 7 19 11 6 5 
7 23 11 32 11 20 12 
8 42 16 23 10 19 8 
9 35 10 42 14 21 4 
10 32 15 37 15 16 9 
11 33 12 51 22 30 23 
12 17 6 21 11 10 11 
13 10 3 5 4 5 4 
14 10 3 12 5 3 1 
15 6 2 3 1 1 0 
16 61 17 31 9 14 11 
17 54 7 59 12 20 13 
18 0 1 12 5 14 10 
19 5 3 2 2 3 2 
20 20 8 1 1 3 7 
. 21 24 3 0 0 0 2 
22 7 2 3 2 1 1 
23 13 7 6 3 1 1 
24 18 3 8 5 0 1 
25 0 0 1 0 0 0 
26 6 1 3 2 0 1 
27 0 0 6 7 1 0 
28 0 0 0 0 0 1 
29 6 0 0 0 0 0 
30 2 2 14 6 4 2 
31 0 0 0 1 0 0 
32 0 1 0 0 0 1 
33 0 1 0 1 0 0 
34 6 0 1 0 0 0 
35 6 2 4 3 2 0 
36 2 2 0 1 0 0 
37 3 2 9 2 4 2 
38 3 1 1 2 0 0 
39 2 1 1 0 0 1 
40 0 0 1 1 0 1 
41 15 1 5 2 0 1 
42-52 0 0 0 0 0 0 
53 4 0 1 0 0 0 
54 0 0 0 0 " 0 0 
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Table 29. Frequency of live fish and redd sites encountered 
by survey section during the i960 stream surveys 
of Up-A-Tree Creek, Brooks Lake, Alaska 
Section August 4a Augus t 9b August 22° 
number Fish Redds Fish Redds Fish Redds 
1 22 1 71 2 22 8 
2 0 0 11 2 7 3 
3 9 2 45 8 19 ! 15 
4 1 0 0 0 3 2 
5 0 0 7 1 0 2 
6 12 4 10 * 3 8 7 
7 8 2 25 5 15 10 
8 49 14 79 13 7 7 
9 4 1 17 4 17 9 
10 4o 15 24 5 7 6 
11 35 9 61 13 6 5 
12 8 2 47 12 14 5 
13 4 1 17 4 0 0 
14 5 1 • 16 3 11 7 
15 11 3 15 3 4 2 
16 46 13 50 8 0 0 
17 56 19 57 9 1 0 
18 4 1 29 6 1 0 
19 7 0 1 0 0 0 
20 5 1 0 0 0 0 
21 2 0 17 3 0 0 
22 1 0 0 0 0 0 
23 12 3 8 2 0 0 
24 27 8 18 3 0 0 
25 0 0 0 0 0 0 
26 37 9 34 6 0 0 
27 36 7 52 14 0 0 
28 0 0 22 5 0 0 
29 10 0 8 2 0 0 
30 54 11 30 6 4 1 
a160 fish in stream scattered for approximately three 
miles above beaver dam normally halting upstream migration. 
Of these fish, only eight females were observed and all had 
established redd sites. 
bl80 fish in stream above dam for approximately three 
miles. 13 established redd sites were observed. 
cNo fish in Stream above Section 44. 
Table 29 (continued) 
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Section 
number 
August 4a 
Fish Redds 
Date of survey 
August 9b 
Fish Redds 
August 22° 
Fish Redds 
31 30 9 6 1 0 0 
32 17 6 9 2 0 0 
33 25 5 10 4 0 0 
34 21 3 7 2 1 0 
35 34 4 33 7 7 0 
36 32 7 30 3 9 3 
37 33 10 25 7 0 0 
38 3; 8 13 2 2 0 
39 16 3 32 6 1 0 
40 95 25 12 2 0 . 0 
41 32 6 5 1 0 0 
42 11 0 0 0 1 0 
43 13 3 0 0 8 2 
44 49 8 14 4 1 0 ÏI 8 3 1 0 5 2 1 0 176 94 
47 26 6 20 4 
48 27 6 0 0 
49 3 0 4 0 
50 17 4 9 1 
51 7 0 12 2 
52 5 1 2 0 
53 6 1 3 0 
54 120 0 17 0 
160 8 180 13 
1,334 251 1,221 204 
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Table 30. Frequency of live fish and redd sites encountered 
by survey section during the 1961 spawning surveys 
of Up-A-Tree Creek, Brooks Lake, Alaska 
Date of survey 
Section July 31 August 3 August l4a 
number Fish Redds Fish Redds Fish Redds 
1 10 0 1 0 19 3 
2 
3 
0 
1 
0 
0 
0 
0 
(42) 11 (5) II 
4 2 1 0 0 7 2 
5 0 0 3 0 4 2 
6 13 2 13 2 26 4 
7 1 0 15 0 6 2 
8 0 0 10 0 2 1 
9 5 0 .12 0 7 3 
10 7 0 33 0 22 6 
11 (20) (1) 10 0 9 1 
12 11 II 10 0 12 3 
13 (10) (1) 27 0 0 0 
14 11 it 0 0 0 0 
15 II 1! 0 0 0 0 
16 11 II 11 0 7 2 
17 9 0 • 31 0C 25 6 
18 4 0 10 0 20 6 
19 4 0 0 0 0 0 
20 0 0 0 0 0 0 
21 4 0 2 0 0 0 
22 1 0 0 0 0 0 
23 1 0 0 0 0 0 
24 0 0 2 0 2 0 
25 0 0 0 0 210 46d 
aNo fish observed above Section 24 on August 14 survey. 
13The number in parenthesis is cumulative for all 
sections following it that are marked by ("). . In these 
cases section numbers were missed by the survey team. 
c0n August 5 I personally observed at least 10 well 
established redd sites in Section 17. 
dNo fish beyond this point. 
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Table 30 (continued) 
Date of survey 
August l4a Section July 31 August 3 
number Fish Redds Fish Redds Fish Redds 
26 (94) 0 3 1 
'27 It 0 7 2 
28 It 0 (13) 0 
29 II 0 II 0 
30 II 0 , 53 8 
31 (12) 0 11 2 
32 11 0 12 4 
33 (68) (14) 8 3 
34 It ti 42 2 
35 (78) 0 71 14 
36 II 0 23 4 
37 (12) (1) 4 0 
38 11 11 17 7 
39 57 10 (108) (33 
40 (56) (20) II II 
41 » It 11 4 
42 42 3 19 4 
43 1 0 0 0 
44 0 0 1 0 
45 1 0 0 0 
46 0 0 1 0 
47 7 0 (12) 0 
48 0 0 it 0. 
49 0 0 0 0 
50 0 0 0 0 
51 (1) 0 (6) 0 
52 II 0 It 0 
53 0 0 0 0 
54 0 _0 0 _0 
521 53 653 90 
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Table 31. Frequency of live fish and redd sites encountered 
by survey section during the 1959 spawning surveys 
of One Shot Creek, Brooks Lake, Alaska 
Date of survey 
Section August 6 August 16 August 23 
number Fish Redds Fish Redds Fish Redds 
1 6 2 14 7 15 5 
2 15 3 12 11 31 14 
3 32 8 17 12 17 10 
4 33 10 28 25 29 15 
5 11 1 15 10 18 9 
6 20 6 22 14 34 10 
7 5 0 4 1 3 4 
8 2 0 2 1 1 1 
9 35 11 11 10 9 7 
10 4 1 4 2 1 2 
11 3 0 8 4 4 3 
12 5 0 11 7 8 5 
13 1 0 17 12 15 10 
14 1 0 2 1 1 0 
15 0 0 0 1 0 1 
16 i 0 1 1 0 1 
17 i 0 0 0 1 0 
18 0 0 . 2 3 0 0 
19 13 3 1 5 1 3 
20 0 0 0 0 0 0 
21 3 0 0 0 0 0 
22 1 0 0 0 0 0 
23 0 0 1 0 0 0 
24 8 1 0 0 0 0 
25 0 0 0 0 3 1 
26 24 5 0 1 0 0 
27 5 0 2 0 0 0 
28 2 0 0 0 0 0 
29 8 2 2 2 1 1 
30 7 2 8 7 15 7 
31 0 0 0 1 1 1 
32 0 0 0 2 0 0 
33 0 0 0 0 0 1 
34 0 0 0 0 0 0 
246 55 184 140 20 8 111 
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Table 32. Frequency of live fish and redd sites encountered 
by survey section during the i960 spawning surveys 
of One Shot Creek, Brooks Lake, Alaska 
Date of survey 
Section August 4 August 6 August 8 August 16 
number Fish Redds Fish Redds Fish Redds Fish Redds 
1 1 0 9 1 4 1 16 2 
2 7 1 10 3 7 2 17 4 
3 9 1 12 2 11 1 13 3 
4 23 5. 32 7 31 7 28 . 6 
5 3 0 9 2 11 3 17 3 
6 10 2 29 4 59 16 12 4 
7 1 0 6 0 10 3 1 0 
8 6 1 8 1 11 3 7 2 
9 9 2 34 5 32 7 17 4 
10 4 0 2 0 0 0 4 1 
11 9 1 5 1 5 1 4 1 
12 0 0 0 0 0 0 1 0 
13 5 1 0 0 0 0 4 1 
14 3 0 3 0 0 0 0 0 
15 4 0 1 0 0 0 0 0 
16 1 0 0 0 1 0 1 0 
17 3 0 0 0 0 0 0 0 
18 0 0 1 0 3 0 6 2 
19 9 0 4 1 5 1 12 3 
20 1 0 0 0 0 0 0 0 
21 0 0 1 0 0 0 0 0 
22 5 0 1 0 0 0 0 0 
23 0 0 0 0 4 1 0 0 
24 2 0 3 1 2 1 0 0 
25 18 3 13 4 8 3 2 0 
26 4 0 1 0 12 2 4 1 
27 7 0 3 0 0 0 1 0 
28 6 0 3 1 15 2 0 2 
29 0 0 13 2 12 3 3 3 
30 1 0 2 0 1 0 5 1 
31 34 4 32 7 10 3 1 0 
32 12 3 19 5 12 2 10 5 
33 6 1 5 2 0 0 1 0 
34 21 3 8 2 3 1 2 1 
6a 
230 28 269 51 269 63 189 49 
aThese six fish were the only fish observed above the 
abandoned beaver dam normally limiting upstream movement of 
sockeye salmon. 
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Table 33. Frequency of live fish and redd sites encountered 
by survey section during the 1961 spawning surveys 
of One Shot Creek, Brooks Lake, Alaska 
Date of survey 
Section August 4 August 11 
number Fish Redds Fish Redds 
1 8 3 21 2 
2 29 5 27 10 
3 15 4 15 • 6 
4 25 7 17 5 
5 4 1 11 3 
6 11 1 . 34 12 
7 0 0 4 1 
8 3 1 6 3 
9 11 2 16 6 
10 1 0 0 0 
11 4 1 8 2 
12 0 0 3 1 
13 4 2 3 2 
14 0 0 1 0 
15 2 1 1 0 
16 0 0 2 1 
17 0 0 1 0 
18 0 0 4 . 2 
19 ' 0 0 5 1 
20 0 0 0 0 
21 0 0 0 0 
22 2 1 0 0 
23 0 0 0 0 
24 1 0 0 0 
25 0 0 2 1 
26 0 0 2 1 
27 1 0 0 0 
28 3 1 2 1 
29 2 0 3 1 
30 0 0 0 0 
31 9 2 13 5 
32 3 1 3 ' 2 
33 0 0 9 5 
34 9 3 8 3 
147 36 221 76 
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APPENDIX B: GRADIENT DISTRIBUTION 
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Table 34. Distribution of gradients by survey section along 
the portion of Hidden Creek normally available to 
spawning sockeye salmon with survey section number 
one beginning at the stream mouth 
Section 
number 
Length 
in feet 
Total fall 
in feet 
Drop in feet 
per 100 feet 
Drop in feet 
per mile 
1 758 0.30 0.04 2.1 
2 416 1.18 0.28 15.0 
3 617 2.50 0.40 21, 4 
4 570 3.97 0.70 36.8 
5 220 1.40 0.64 33.6 
6 248 2.29 0.92 48.7 
7 446 3.25 0.73 38.5 
8 260 2.02 0.78 41.0 
9 312 2.05 0.66 34.7 
10 312 3.04 0.97 -51.4 
11 281 3.85 1.37 72.3 
12 356 4.95 1.39 73.4 
. 13 163 1.98 1.21 64.1 
14 318 3.89 1.22 64.6 
15 316 4.55 1.44 76.0 
16 232 3.56 1.53 81.0 
17 414 6.18 1.49 78.8 
18 395 5.78 1.46 77.3 
19 320 4.38 1.37 72.3 
20 310 5.00 1.61 85.2 
21 100 1.44 1.44 76.0 
22 440 7.26 1.65 87.1 
23 183 2.58 1.41 74.4 
24 110 2.46 2.24 118.1 
25 412 — 9.76 2.37 I25.I 
26 275 2.68 0.97 51.4 
27 416 5.22 1.25 66.2 
28 258 3.82 1.48 78.2 
29 395 3.56 0.90 47.6 
30 350 6.42 1.83 96.8 
31 372 6.43 1.73 91.3 
32 665 9.75 1.46 77.4 
33 785 8.13 1.03 54.7 
34 465 3.61 0.77 41.0 
35 506 7.16 1.41 74.7 
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Table 35. Distribution of gradients by survey section along 
the portion of Up-A-Tree Creek normally available 
to spawning sockeye salmon with survey section 
number one beginning at the stream mouth 
Section 
number 
Length 
in feet 
Total fall 
in feet 
Drop in.feet 
per 100 feet 
Drop in feet 
per mile 
1 588 1.98 0.34 17.8 
2 248 1.38 0.56 29.4 
3 585 4.53 0.77 40.9 
4 205 1.39 0.68 35.8 
5 362 2.97 0.82 43.3 
.6 475 4.14 0.87 46.0 
7 438 3.89 0.89 46.9 
8 580 3.30 0.57 30.0 
9 365 1.58 0.43 22.9 
10 526 3.80 0.72 38.1 
11 580 5.32 0.92 48.4 
12 380 3.23 0.85 44.9 
13 170 1.43 0.84 44.4 
14 160 0.80 0.50 26.4 
15 346 2.89 0.88 44.1 
16 800 7.34 0.92 48.4 
17 204 0.85 0.42 22.0 
18 210 1.66 0.79 41.7 
19 430 2.60 0.61 31.9 
20 192 1.56 0.81 42.9 
21 350 2.77 0.79 41.8 
22 144 0.64 0.44 23.5 
23 275 2.25 0.82 43.2 
24 375 2.15 0.57 30.3 
25 • 250 1.86 0.74 39.3 
26 555 3.73 0.67 35.5 
27 334 1.51 0.45 23.9 
28 312 1.09 0.35 18.4 
29 155 0.52 0.33 17.7 
30 570 1.54 0.27 14.3 
31 265 0.92 0.35 18.3 
32 220 0.52 0.24 12.5 
33 350 1.44 0.41 21.7 
34 1010 3.23 0.32 16.9 
35 812 2.45 0.30 15.9 
36 555 2.00 O.36 19.0 
37 220 1.11 0.50 26.6 
38 426 1.12 0.26 13.9 
39 500 1.33 0.27 14.0 
40 555 2.00 0.36 19.0 
41 500 2.21 0.44 23.3 
224 
Table 35 (continued) 
Section 
number 
Length 
in feet 
Total fall 
in feet 
Drop in feet 
per 100 feet 
Drop in feet 
per mile 
42 700 2.22 0.32 16.7 
43 412 1.19 0.29 15.2 
44 800 3.27 0.41 21.6 
45 256 0.57 0.22 11.7 
46 200 2.61 1.30 68.9 
47 438 0.82 0.19 9.9 
48 210 0.74 0.35 18.6 
49 300 2.12 0.71 37.3 
50 510 2.46 0.48 25.5 
51 765 0.91 0.12 6.3 
52 432 0.56 0.13 6.8 
53 900 1.58 0.18 9.3 
54 1224 3.10 0.25 13.4 
Table 36. Distribution of gradients by survey section along 
the portion of One Shot Creek normally available 
to spawning sockeye salmon with survey section 
number one beginning at the stream mouth 
Section Length ' Total fall Drop in feet Drop in feet 
number in feet in feet per 100 feet per mile 
1 229 0.63 0.27 14.5 
2 700 8.00 1.14 60.3 
3 277 2.47 O.89 47.1 
4 390 4.18 0.97 51.1 
5 500 5.06 1.01 53.4 
6 325 1.61 0.49 26.1 
7 142 3.45 2.43 128.3 
8 415 7.57 1.74 96.3 
9 434 6.67 1.54 81.1 
10 277 6.59 2.38 125.6 
11 250 2.92 1.17 61.7 
12 214 2.32 1.08 57.2 
13 522 3.54 0.68 35.8 
14 230 3.53 1.53 81.0 
15 418 6.11 1.46 77.2 
16 205 3.06 1.49 . 78.8 
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Table 36 (continued) 
Section 
number 
Length 
in feet 
Total fall 
in feet 
Drop in feet 
per 100 feet 
Drop in feet 
per.mile 
. 17 195 1.54 0.79 41.7 
18 130 2.44 1.88 99.1 
19 375 5.13 1.37 72.2 
20 261 3.73 - 1.43 75.5 
21 237 11.54 4.87 257.1 
22 224 5.42 2.42 127.8 
23 167 3.82 2.29 120.8 
24 436 6.37 1.46 77.1 
25 345 5.03 1.46 77.0 
26 385 5.47 1.42 75.0 
27 220 7.66 3.48 183.8 
28 633 1.33 0.21 11.1 
29 785 5.12 0.65 34.4 
30 878 3.39 0.39 20.4 
31 600 5.46 0.91 48.0 
32 505 3.78 0.75 39.5 
33 195 3.03 1.55 82.0 
34 352 1.61 • 0.46 24.1 
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APPENDIX C: GRAVEL COMPOSITION ANALYSES 
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Table 37. Fluvial gravel analysis by per cent weight of 
nine gravel samples collected from gradient 
section 9, Hidden Creek, and having a total air 
dried weight of 64,332 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per cent pass­
ing by weight 
3.00 1,465 2.28 97.72 
2.00 2,901 4.50 93.22 
1.50 8,763 13.63 79.59 
1.00 13,264 20.61 58.98 
0.75 7,974 12.39 46.59 
0.50 7,147 11.10 35.49 
O.I87 10,937 17.01 18.48 
0.0787 5,255 8.17 10.31 
O.OI65 5,447 8.47 1.84 
0.0029 1,179 1.84 0.00 
Table 38. Fluvial gravel analysis by per cent weight of 
six gravel samples collected from gradient 
section 33# Hidden Creek, and. having a total air 
dried weight of 67,056 grams 
Weight re- Per cent re-
Sieve opening tained in tained by Per cent pass-
in inches grams weight ing by weight 
3.00 1,422 2.12 97.88 
2.00 — 12,309 18.35 79.53 
1.50 9,459 14.11 65.42 
1.00 13,043 19.46 45.96 
0.75 7,913 11.80 34.16 
0.50 7,095 IO.58 23.58 
0.187 9,144 13.63 9.95 
0.0787 3,020 4.51 5.44 
0.0165 2,804 4.18 1.26 
0.0029 847 1.26 0.00 
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Table 39. Fluvial gravel analysis by per cent weight of 
six gravel samples collected from gradient 
section 24, Hidden Creek, and having a total 
air dried weight of 42,183 grams 
Weight re­ Per cent re­
Sieve opening tained in tained by Per cent pass­
in inches grams weight ing by weight 
3.00 10,183 24.14 75.86 
2.00 10,084 23.91 51.95 
1.50 5,123 12.16 39.79 
1.00 6,523 15.47 24.32 
0.75 2,635 6.25 18.07 
0.50 2,298 5.44 12.63 
0.187 2,727 6.47 6.16 
0.0787 1,041 2.46 3.70 
O.OI65 1,278 3.02 0.68 
0.0029 291 0.68 0.00 
Table 40. Fluvial gravel analysis by per cent weight of 
six gravel samples collected from gradient 
section 2, Hidden Creek, and having a total air 
dried weight of 17,617 grams 
Weight re­ Per cent re­
Sieve opening tained in tained by Per cent pass­
in inches grams weight ing by weight 
3.00 0 0.00 100.00 
2.00 0 0.00 100.00 
1.50 60 0.34 99-66 
1.00 142 0.80 98.86 
0.75 793 4.50 94.36 
0.50 2,997 17.01 77.35 
0.187 7,153 40.61 36.74 
0.0787 2,555 14.50 22.24 
O.OI65 2,261 12.84 9.4o 
0.0029 1,656 9.40 0.00 
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Table 41. Fluvial gravel analysis by per cent weight of 
seven gravel samples collected from gradient 
section 17, Up-A-Tree Creek, and having a total 
air dried weight of 45,145 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per 
ing 
cent pass-
by weight 
3.00 4,678 10.36 89.64 
2.00 7,917 17.54 72.10 
1.50 7,556 16.73 55.37 
1.00 8,203 18.17 37.20 
0.75 3,863 8.56 28.64 
0.50 2,845 6.32 22.32 
0.187 3,169 7.01 15.31 
0.0787 2,431 5.38 9.93 
0.0165 3,414 7.56 2.37 
0.0029 1,069 2.37 0.00 
Table 42. Fluvial gravel analysis by per cent weight of 
eight gravel samples collected from gradient 
section 15, Up-A-Tree Creek, and having a total 
air dried weight of 58,771 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per 
ing 
cent pass-
by weight 
3.00 26,103 44.42 55.58 
2.00 12,913 21.97 33.61 
1.50 7,457 12.68 20.93 
1.00 5,229 8.89 12.04 
0.75 2,103 3.58 8.46 
0.50 1,655 2.81 5.65 
0.187 1,419 2.42 3.23 
0.0787 66l 1.13 2.10 
O.OI65 988 I.69 0.41 
0.0029 243 0.41 0.00 
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Table 43. Fluvial gravel analysis by per cent weight of 
seven gravel samples collected from gradient 
section 4, One Shot Creek, and having a total 
air dried weight of 40,262 grams 
Sieve openings 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per 
ing 
cent pass-
by weight 
3.00 5,228 12.98 87.02 
2.00 6,721 16.69 70.33 
1.50 5,805 14.42 55.91 
1.00 8,428 20.93 34.98 
0.75 3,785 9.40 25.58 
0.50 3,510 8.72 16.86 
0.187 3,470 8.62 8.24 
0.0787 1,202 2.99 5.25 
0.0165 1,657 -4.11 1.14 
0.0029 456 1.14 0.00 
Table 44. Fluvial gravel analysis by per cent weight of 
seven gravel samples collected from gradient 
section 8, One Shot Creek, and having a total 
air dried weight of 55,202 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per cent pass­
ing by weight 
3.00 21,341 38.66 61.34 
2.00 17,439 31.59 29.75 
1.50 4,646 8.42 21.33 
1.00 4,014 7.27 14.06 
0.75 2,118 3.84 10.22 
0.50 1,685 3.05 7.17 
0.187 1,951 3.53 3.64 
0.0787 883 I.60 2.04 
0.0165 986 1.79 0.25 
0.0029 139 O.25 0.00 
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Table 45. Fluvial gravel analysis by per cent weight of six 
gravel samples collected from gradient section 
20, Brooks River, and having a total air dried 
weight of 87,536 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per 
ing 
cent pass-
by weight 
3.00 563 0.65 99.35 
2.00 5,436 6.22 93.13 
1.50 9,921 11.33 81.80 
1.00 12,695 14.50 67.30 
0.75 8,940 10.23 57.07 
0.50 11,162 12.75 44.32 
0.187 22,399 25.58 18.74 
0.0787 10,490 11.98 6.76 
0.0165 5,232 5.97 0.79 
0.0029 698 0.79 0.00 
Table 46. Fluvial gravel analysis by per cent weight of 
eight gravel samples collected from Grassy Point 
Creek, Karluk Lake, and having a total air dried 
weight of 82,613 grams 
Sieve opening 
in inches 
Weight re­
tained in 
grams 
Per cent re­
tained by 
weight 
Per cent pass­
ing by weight 
3.00 37,802 45.76 54.24 
2.00 16,268 19.69 34.55 
1.50 4,348 5.27 29.28 
1.00 4,195 5.08 24.20 
0.75 2,648 3.20 21.00 
0.50 3,138 3.80 17.20 
0.187 6,725 8.14 9.06 
0.0787 4,289 5.19 3.87 
0.0165 2,992 3.62 0.25 
0.0029 208 0.25 0.00 
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•Table 47. Fluvial gravel analysis by per cent weight of 10 
gravel samples collected from Meadow Creek, 
Karluk Lake, and having a total air dried weight 
74,302 grams 
Weight re­ Per cent re­
Sieve opening tained in tained by Per cent pass­
in inches grams weight ing by weight . 
3.00 15,795 21.26 78.74 
2.00 13,628 18.34 60.40 
1.50 8,503 11.45 48.95 
1.00 6,629 8.92 40.03 
0.75 4,636 6.24 33.79 
0.50 5,233 7.04 26.75 
0.187 8,703 11.71 15.04 
0.0787 5,092 6.85 8.19 
0.0165 5,538 7.45 0.74 
0.0029 545 0.74 0.00 
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Table 48. Frequency of occurrence and distribution of 
sockeye salmon killed by bear on Hidden Creek 
during the 1959 spawning season as determined 
by stream surveys 
Survey 
section13 12th 14th 
Date 
16th 
of 
18th 
survey^  
20th 22nd 24th 29th 
1 0 0 0 0 0 0 6 1 
2 0 0 0 0 0 0 0 1 
3 0 0 1 0 0 0 0 3 
4 0 0 0 0 0 2 0 2 
5 0 0 0 1 3 0 . 0 2 
6 0 0 • 1 1 0 0 0 11 
7 0 0 0 0 1 4 3 10 
8 0 0 0 0 4 1 2 6 
9 0 0 0 2 5 6 4 8 
10 0 0 0 0 2 5 0 8 
11 0 0 0 3 4 3 0 12 
12 0 0 1 7- 4 2 1 19 
13 0 0 1 1 4 1 4 6 
14 0 0 1 3 2 13 2 13 
15 0 1 1 14 6 10 3 31 
16 0 5 0 2 4 8 3 15 
17 0 1 2 - 3 7 10 6 28 
18 0 2 1 3 10 12 7 17 
19 0 0 1 2 4 7 2 10 
20 0 0 1 4 2 6 1 15 
21 ' 0 1 1 9 3 8 16 9 
22 2 5 6 5 10 3 2 8 
23 0 0 0 2 1 13 1 8 
24 0 2 0 0 2 1 10 1 
25 0 2 7 2 12 3 14 37 
26 0 2 2 4 9 4 3 20 
27 0 6 4 12 21 12 18 13 
28 0 1 3 3 7 3 10 15 
29 0 2 3 - 4 18 19 6 12 
30 0 3 3 2 6 4 1 14. 
31 0 3 2 4 6 8 6 17 
32 0 2 13 11 8 31 30 66 
33 0 17 2 8 5 12 18 66 
34 0 0 0 0 1 0 0 23 
35 1 2 3 1 0 0 0 6 
aAll surveys made during August. 
S^ection 1 begins at mouth of stream. 
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Table 49. Frequency of occurrence and distribution of sock­
eye salmon killed by bear on Hidden Creek during 
the 1961 spawning season as determined by stream 
surveys3 
Survey 
section0 10th 11th 
Date 
13th 
of 
14th 
survey13 
15th 16th 17th 18th 
1 0 0 0 0 2 0 0 0 
2 0 0 0 0 0 0 1 2 
3 0 0 0 0 1 0 . 1 1 
4 1 0 0 0 0 0 0 0 
5 0 0 1 0 0 0 0 0 
6 0 0 1 0 1 0 2 0 
7 0 0 1 0 2 0 4 0 
8 0 0 0 0 0 0- 2 0 
9 0 0 0 0 0 0 0 0 
10 0 0 0 0 1 0 0 0 
11 0 0 0 0 1 0 0 0 
12 0 0 0 0 0 0 2 0 
13 0 0 0 0 0 0 1 0 
14 0 0 0 . 0 1 0 4 0 
15 0 0 0 0 1 0 5 0 
16 0 1 0 0 2 0 4 0 
17 0 0 0 0 3 4 7 0 
18 0 0 0 0 0 3 9 0 
19 0 0 0 0 2 6 3 0 
20 0 0 0 0 0 1 0 0 
21 0 0 0 0 0 1 0 0 
22 0 0 0 0 0 1 1 0 
23 0 0 0 0 0 1 3 2 
24 ' 0 0 0 0 0 4 16 3 
25 0 0 0 0 0 2 6 0 
26 0 0 0 0 0 5 6 0 
27 0 0 0 0 0 4 8 4 
28 0 0 0 0 0 1 3 1 
29 0 0 0 0 0 3 8 2 
30 0 0 0 0 0 0 9 1 
31 0 0 0 0 0 0 3 1 
32 0 0 0 0 0 0 4 2 
33 0 0 0 0 0 0 0 0 
34 0 0 0 0 0 0 0 0 
35 0 0 0 0 0 0 0 0 
a0n August 14, 16, 18 and 20 no attempt was made to 
tally all kills. 
bAll surveys made during August. 
cSection 1 begins at mouth of stream. 
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Table 49 (continued) 
Survey 
section0 19th 20th 
Date 
21st 
of 
22nd 
survey13 
23rd 24th 26th 29th 
1 0 23 7 0 2 0 0 6 
2 2 0 9 • 2 0 0 1 2 
3 2 1 2 2 1 2 0 2 
4 3 1 3 2 0 1 0 2 
5 2 0 1 1 2 0 0 2 
6 5 1 2 4 . 1 0 1 2 
7 21 3 15 24 11 5 0 4 
8 7 0 4 4 1 1 0 1 
9 8 3 6 4 9 7 2 5 
10 2 0 0 0 1 0 0 1 
11 2 0 0 0 0 0 0 0 
12 4 0 0 3 0 0 1 2 
13 2 0 6 3 0 0 0 3 
14 4 3 7 4 1 1 0 3 
15 11 0 11 7 3 1 1 1 
16 6 0 9 7 3 0 1 0 
17 13 . 0 17 9 11 1 0 0 
18 11 3 11 7 5 2 1 0 
19 9 4 8 7 9 1 0 4 
20 0 0 0 2 1 0 0 2 
21 0 1 1 3 1 0 0 0 
22 6 3 5 2 1 0 0 1 
23 4 1 5 3 0 0 0 0 
24 17 0 9 0 0 1 0 0 
25 2 0 3 4 2 0 0 2 
26 2 0 2 3 3 0 0 0 
27 8 7 11 3 3 0 0 1 
28 2 0 3 1 4 0 0 1 
29 9 0 8 5 6 2 0 2 
30 5 0 4 2 4 0 0 1 
31 2 0 0 2 0 0 0 0 
32 1 0 0 0 0 0 0 0 
33 0 0 0 0 0 0 0 0 
34 0 0 0 0 0 0 0 0 
35 0 0 0 0 0 0 0 0 
